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PREFACE  TO  THE  FIFTEENTH  EDITION. 


Toe  rcccyjtion  ortpnally  given  to  this  work  wag  liardly  Ic^s  f>nr- 
prisinir  ti)  nu',  th:in  to  gnine  friends  who  conlii  not  iina;»iiie  by  wh'it 
kind  of  rharice-molley  the  three  reputed  difficulties  of  aiiifiorshi]! 
had  been  overeome — to  write  soniethiug  worth  publishing,  to  find  a 
respectable  house  to  jmblish  it,  and  to  get  sensible  men  to  read  it. 
The  fact  is,  it  was  something  oiitj<idc  of  current  literature.  Tlie 
want  of  it  was  not  felt  by  ordinary  readers,  nor  the  void  it  was 
calculated  to  fill  suspected  by  others.  To  belles-lettres  students  the 
subject  was,  naturally  enough,  as  unattractive  as  a  commercial  re{)0rt 
on  hardware,  and  as  hollow  of  interest  as  a  folding  chess-board 
lettere*!  at  the  back.  It  happened,  however,  to  be,  what  foreign 
and  domestic  technical  journals  proclaimed  it,  "  the  kind  of  book 
which  every  inventor  and  mechanic  ought  to  consult." 

I'hoiigh  we  do  not  hear  so  much  now,  as  formerly,  of  unsuccessful 
projectors  ending  their  troubles  with  a  razor,  a  rope,  or  suft'oc.-ition 
by  water,  nor  of  others  expiring  from  excess  of  joy  at  imagin;n-y 
ci)ooes«.  like  a  M'atchmaker  of  Paris,  there  are  hundreds,  if  not 
Is,  wearing  themselves  away  in  'oho  pursuit  of  mechiiniciil 
.  and  the  revival  of  obsolete  devices,  for  lack  of  knowing 
what  li:is  l>een  done,  and  what  is  impossible  to  be  done.  As  a 
geooral  rule,  inventors  dislike  to  open  themselves  to  either  frietuls  or 
strangers,  but  the  most  jealous  can  consult  a  book  without  fear  of 
being  mbbed  of  his  ideas,  and  the  most  sensitive  without  the  dread 
of  being  laughed  it.  That  this  volume  has  been  serviceable  to  such, 
and  siiggeHtive  to  others,  the  press  has  furnished  sufficient  proof,  and 
that  it  continues  to  do  what  it  has  done,  is  evinced  by  a  continued 
demand  for  it. 

Over  twenty  years  have  elapsed  since  it  first  issued  from  the  pre**. 
and  nearly,  if  not  quite^  as  many  editions  have  been  called  for.  Tlio 
12th  ajipeared  in  1851,  and  the  I4th  in  1856.  Two  more  followed 
without  the  usual  indic.ition  in  the  title-page,  an  omission  th:it  jire- 
viously  occurred  with  imiiressions  thrown  otf  in  numbers  :md  parts. 
3Iy  interest  in  it  re.naed  with  the  2d  edition.  AtYer  so  long  a  service, 
it  might  be  thought  deserving  of  a  new  dress,  or  fresh  trimmings  in 
the  shape  of  addend:u  I  sup(iose  it  would  be  an  improvement  to 
^condense  and  recast  the  whole,  butt  that  '*  •**  labor  I  can  not  under- 
nor  do  I  think  it  would  materially  enhance  the  work  in  the 
riatioQ  of  those  for  whom  it  was  prepared.  As  for  additional 
matter,  it  might  be  continued  </</  infiuifwn,  but  to  what  purpose  ? 
The  bo.>k  wa«  never  designed  to  exhibit  all  varieties  of  <levices  treated 
|;ofi  but  only  sufficient  to  elucidate  the  principles  ofeach  cl.-iss,  and  no 
new  principle  has  been  introduced  that  I  aiu  aware  of.  Some  fresh 
m-itter  has,  however,  been  inserted,  which,  with  the  supplement  on 
Eoliniles  (not  in  the  early  editions),  has  swelled  the  volume  far  be- 
yond its  original  limits.  Whatever  be  its  merits  or  ilemerits,  it  ia 
sent  forth  once  more  to  take  its  chance  in  the  world.  If  its  elements 
of  vitality  are  worn  out,  it  will  die,  and  it  ought  to  die,  but  if  the 
oldest  and  coolest  of  its  critics  is  to  be  credited,  it  is  not  going  to 
ijive  up  the  ghost  yet.  lie  assigned  it  a  run  of  fifty  years  before 
those  hter.iry  undertakers,  the  trunkmakers,  entombed  it.       T.  E. 

Xivr    Yi.ItIt,    M.irrh    11,    1963. 


PREFACE. 


CiRCUHSTANCBS  having  led  me,  in  early  life,  to  take  an  interest  in 
practical  hydraulics,  I  became  anxious  to  obtain  an  account  of  all  the  con* 
tnTancea  employed  by  different  people  to  raise  water — whether  for  domes- 
tic, agricultural,  mining,  manufacturing,  or  other  purposes ;  and  great  was 
the  disappointment  I  felt  on  learning  that  no  book  containing  the  infurnia- 
tion  I  sought  had  ever  been  published.  This  was  the  case  between  thirty 
and  forty  years  ago;  and,  notwithstanding  the  numerous  journals  and  other 
works  devoted  to  the  useful  artK,  it  is  in  a  great  measure  the  case  still.  No 
one  publication,  so  far  as  my  knowledge  extends,  has  ever  been  devoted 
to  the  great  variety  of  devices  which  the  human  intellect  has  developed 
for  raising  liquids.  That  such  a  work  is  wanted  by  a  large  class  of 
mechanics,  if  not  by  others,  can  hardly  be  questioned;  and  it  is  somewhat 
snrprissing  that  it  was  never  undertaken. 

It  appears  from  La  Hirers  Preface  to  Mariotte's  Treatise  on  the  Motion 
of  Fluids,  that  the  latter  philosopher  often  expressed  a  determinatiun  to 
write  "  on  the  different  pumps  and  other  engines  which  are  in  use,  or  which 
have  been  proposed,"  but  unfortunately  he  did  not  live  to  carry  his  design 
into  effect.  The  celebrated  work  of  Belidor,  from  its  extent,  and  the  variety 
of  subjects  embraced  and  illustrated,  stands  at  the  head  of  modern  works 
on  hydraulic  devices;  but  of  the  four  large  volumes,  a  small  part  only  is 
devoted  to  machines  for  raising  water,  and  many  such  are  not  noticed  at 
all :  besides,  the  cost  of  the  work  and  the  language  in  which  it  is  written 
will  always  prevent  it  from  becoming  a  popular  one  with  American  oi 
English  machinists. 

Having  in  the  course  of  several  years  collected  memoranda  and  procured 
most  of  the  works  quoted  in  the  following  pages,  1  have  attempted  to  pre- 
pare a  popular  volume  on  the  subject — something  like  the  one  I  formerly 
longed  for — feeling  persuaded  that  it  will  be  as  acceptable  to  mechanics 
under  circumstances  similar  to  those  to  which  I  have  alluded  as  it  would 
then  have  been  to  myself.  Every  individual  device  for  raising  water  has, 
of  course,  not  been  described,  for  that  would  have  been  impossible  ;  bui 
every  class  or  spedes  will  be  found  noticed,  with  such  exaniples  of  each 
as  will  enable  the  general  reader  to  comprehend  the  principle  and  actiob 
of  all.  In  addition  to  which,  inveniors  of  hydraulic  machines  can  hen 
tee  what  has  been  accomplished,  and  thus  avoid  wasting  their  energief 
on  things  previously  known. 
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In  a  work  of  this  kind  little  that  is  new  can  be  expected  ;  I  have  not. 
however,  servilely  copied  any  author,  but  have  written  the  whole  as  if 
little  had  been  written  before.  I  have  sought  for  information  wherever  I 
could  find  it;  and  with  this  view  have  perused  more  volumes  than  it  would 
oe  prudent  to  name.  A  few  gleanings  which  modern  writers  have  passed 
over  have  been  picked  up— two  or  three  ancient  devices  have  been  snatched 
from  oblivion,  as  the  atmospheric  sprinkling  pot  and  the  philosophical  bel- 
lows, and  some  erroneous  opinions  have  been  corrected  ;  that,  for  example, 
respecting  the  origin  of  the  safety  valve.  There  is  little  room  for  the 
charge  of  arrogance  in  cluming  this  much,  since  it  is  all  I  have  to  claim 
and  it  is  nothing  but  what  a  little  industry  in  any  one  else  would  have 
realized.  Several  devices  of  my  own  have  also  been  introduced  which 
must  speak  for  themselves.  On  referring  to  old  works  that  are  expensive 
or  of  rare  occurrence  I  have  generally  quoted  the  very  words  of  the  writers, 
under  the  impression  that  some  of  these  works  will  not  long  be  met  with 
at  all.  For  the  convenience  of  perusal  the  work  is  broken  into  chapters, 
and  as  much  miscellaneous  matter  has  been  introduced,  an' index  is  added. 
The  general  arrangement  and  division  of  the  subject  will  be  found  at  the 
close  of  the  first  chapter. 

In  tracing  the  progress  of  any  one  of  the  primitive  arts,  it  is  difficult  to 
^void  reference  to  others.  They  are  all  so  connected  that  none  can  be  per- 
'ectly  isolated.  I  have  therefore  introduced  such  notices  of  inventions  and 
inventors  as  seemed  useful  to  be  known  :  facts  which  appeared  interesting 
to  the  writer  as  a  mechanic,  he  supposed  would  not  be  wholly  without 
interest  in  the  opinion  of  his  brethren.  In  this,  I  am  aware,  it  is  easy  to 
be  mistaken ;  for  it  is  a  common  error  to  imagine  that  things  which  are 
interesting  to  ourselves  must  be  equally  so  to  others.  As,  however,  all 
'those  devices  that  contribute  to  the  conveniences  of  life  will  ever  possess 
an  intrinsic  value,  the  hope  is  indulged  that  the  following  account  of 
several  important  ones,  although  it  may  present  little  attraction  to  general 
readers,  will  at  least  be  found  useful  to  those  for  whom  it  is  more  espe- 
cially designed.  It  certainly  is  not  what  I  could  wish,  but  it  is  the  best  I 
could  produce.  I  am  sensible  that  it  has  many  imperfections,  and  there 
are  doubtless  many  more  which  have  not  been  perceived.  That  I  hnve 
otlen  been  diverted  from  the  subjects  embraced  in  the  title-page  is  true ; 
and  OS  the  whole  was  written  at  long  intervals,  even  of  years,  a  want 
of  order  and  connection  may  be  perceiv»d  in  some  parts,  and  obscurity  felt 
in  others.  All  that  I  can  offer  to  diminish  the  severity  of  criticism,  is  freely 
to  admit  there  is  much  room  for  it. 

In  noticing  various  hydraulic  devices,  I  have  endeavored  to  award  honor 
to  whomsoever  it  was  due :  to  say  nothing  of  the  ancients,  w*th  whom  most 
of  them  originated,  it  may  here  be  observed  that  the  Germans  were  the 
earliest  cultivators  of  practical  hydraulics  in  modern  times.  The  Dutch 
(part  of  that  people)  contributed  to  extend  a  knowledge  of  their  inven- 
tions. It  was  a  Dutchman  who  constructed  the  famous  machinery  at  Marii, 
and  England  was  indebted  to  another  for  her  first  water- works  at  London 
Bridge.  The  simplest  pump-box  or  piston  known,  the  inverted  cone  of 
leather,  is  of  German  origin,  and  so  is  the  tube-pump  of  Muschenbroek. 
Hose  for  fire-engines,  both  of  leather  and  canvas,  was  invented  by  Dutch- 
men. They  carried  the  chain-pump  of  China  to  their  settlements  in  Indii:, 
and  also  to  Europe.  Van  Braam  brought  it  to  the  U.  States.  A  Gerni.-ir. 
invented  the  air-pump,  and  the  first  high  pressure  steam-engine  figured  in 
books  was  by  another.  As  regards  hyTlraulic  machinery,  the  Dutch  have 
been  to  the  moderns,  in  some  degree,  whut  the  Eeyptians  were  to  th:-. 
ancients — their  teachers.     The  physical  geography  of  Holland  and  Egy|'! 
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necefisarily  W  the  inhabitants  of  both  countne<  to  culti.'ttc  to  ttii,  ntmoM 
•xt«?m  tlie  art  of  raising  water.  \Vind-mw!<  for  drainitig  waiter  off  land 
first  occur  (it  modern  days)  in  Holland.  It  is  indeed  the  constant  employ 
tnent  of  this  eiement — wind — that  preserves  the  Dutch  from  destruction 
t>y  another ;  tor,  as  a  nation,  titcy  are  in  much  the  same  predicament  they 
formerly  put  unruly  felons  in,  viz  :  cok'^ning  evrh  in  a  close  vault  with  a 
pump,  and  then  admitting  a  stream  of  wau:'  that  r«>-[uired  his  unceasing 
effons  to  pump  Out,  to  prevent  himself  from  drowning. 

The  French  have  contributed  the  neatest  machine  known  ;  the  ram  of 
Montgolfier — theirs  is  the  double  pti.~n  of  La  Hire,  and  the  frictionless 
iiiston  of  Gosset — La  Faye  improved  the  old  tympanum  of  Asia — Papin 
was  one  of  the  autliors  of  the  steam-engine,  ana  Le  Demour  devised  tho 
centrifugal  pump.  Rotary  pumps  and  the  rcintroduction  of  air-vessels  and 
fire-engines  rest  between  Germany  and  France.  Drawn  leaden  pipes 
Were  projected  by  Dalesme.  The  English  revived  the  plunf;er  pump  and 
stuffing-bux  of  Moreland,  and  furnished  the  expand'ng  metallic  {>istoiis  of 
Cartwrightand  i3arton — tJie  steam-engines  of  Worcester  and  Savery,  New 
r.omen  and  Watt — the  pneumatic  apparatus  of  Br'jwn,  and  motive  engines 
uf  Cecil  and  others— Whitehurst  was  the  first  to  apply  the  principle  of 
the  ram,  and  the  quicksilver  pump  was  invented  by  Hawkins — Hales 
invented  the  milling  of  sheet  lead,  and  tike  first  drawn  pipes  were  made 
by  Wilkinson.  Switzerland  contributed  the  spiral  pump  of  Wirtz — Amt; 
nca  has  furnished  the  riveted  hose  of  Sellers  and  Pcnnock,  the  motive. 
machine  of  Morey,  and  high  pressure  engines  of  Evans ;  and  both  have 
given  numerous  modifications  of  every  hydraulic  device.  The  Italiara 
have  preserved  many  ancient  devices,  and  to  them  tho  discoveries  of  Gal- 
fa'Ieo  and  TorriccUi  respecting  atmospheric  pressure  are  due.  Porta  has. 
given  the  first  figure  of  a  device  for  raising  water  by  steam,  and  Yenturi's 
experiments  have  extended  their  claims. 

Remarks  have  occasioiially  been  introduced  on  the  importance  of  tho 
mechanic  arts  ana  the  real  dignity  attached  to  their  profession,  notwith' 
standing  the  degraded  state  in  which  operatives  have  ever  been  hehl  by 
those  who  have  lived  on  their  ingenuity  and  become  enriched  by  their 
skill.  But  this  state  of  things  we  believe  is  passing  away,  and  the  lime  is 
nnl  distant  when  such  rncn,  instead  of  being  deemed,  as  under  the  old 
regime,  virtual  serfs,  will  exert  an  influence  in  society  commensurate  with 
tl;eir  contributions  to  its  welfare.  And  where,  it  may  be  asked,  is  there 
a  comfort,  or  convenience,  or  luxury  of  life,  which  they  do  not  create  or 
assiM  to  furnish,  from  the  bread  that  sustains  the  body  to  the  volume  that 
informs  tho  mind  t 

Few  classes  have  a  more  honorable  career  before  them  than  intelligent 
mechanics.  Certainly  none  have  better  opportunities  if  associating  their 
names  with  those  of  the  best  of  their  species.  Sc'e.-.ce  and  the  arts  open 
the  paths  to  true  glory ;  anil  greater  triumphs  teniain  to  be  achieved  in 
Loth  than  the  world  has  yet  witnessed.  Humai.  toil  has  not  been  dispensed 
with,  but  it  certainly  will  be  superseded,  in  a  g^eat  measure,  if  not  alto- 
gether, bv  forces  derived  from  inaniinale  nature.  A  great  part  of  the  globe 
is  yet  a  (fescrt,  inhabiKnl  by  beasts  of  prey,  or  by  men  more  savage  than 
thev  ;  whereas  the  Creator  designs  the  whole  to  be  a  garden  and  peopled 
with  happy  intelligences,  as  in  the  first  Eden.  It  is  much  too  common  to 
teffk  ephemeral  distinction  on  the  troubled  sea  of  politics  or  party  ;  but  of 
the  thousands  who  launch  their  barks  upon  it,  how  few  ever  reach  the 
haven  of  their  wishes  !  The  greater  part  are  soon  engulphed  in  oblivion, 
while  not  a  few,  exhausted  by  useless  struggles,  are  bereit  of  their  ener- 
vci  and   quickly  sink  in  despair — but  no  fame  is  more  certain  or  more 


n 


PHEFACK. 


durable  than  that  which  arises  from  useful  inventions.  Whitney  fttri 
Whittemore,  Evans  and  Fulton,  will  be  remembered  as  long  as  cotton  gins, 
carding  machines,  steam-engines,  and  steam-boats  are  known  on  tKeso 
continents,  and  when  contemporary  politicians  are  wholly  forgotten — in 
fact  most  of  these  are  so  already.  The  name  of  Watt  will  he  known  while 
that  of  every  warrior  and  monarch  and  statesman  of  his  day  has  j)erislied  ; 
and  so  it  ought  to  be,  for  wilb  few  exceptions,  he  contributed  more  to  the 
happiness  of  his  species  than  have  such  men  from  the  beginning  of  time. 
No  one  is  now  interested  in  learning  any  thing  respecting  the  sanguinary 
Bull  of  Burgundy  and  his  wily  antagonist,  the  eleventh  Louis  of  France, 
whoso  contests  kept  for  years  the  European  world  in  an  uproar  ;  and  the 
latter,  not  content  with  murdering  his  species  by  wholesale,  in  his  old  age 
slew  infants  that  he  might  acquire  new  vigor  by  bathing  in  their  bhuid  : 
but  as  long  as  time  endures,  the  world  will  revere  the  names  of  their 
contemporaries — Gottenburs:,  Koster,  Faust,  and  SchoefTcr  and  iheir  asso- 
ciates in  printing  and  type-founding. 

Science  and  the  arts  are  renovating  the  constitution  of  society.  The 
destiny  of  nations  cannot  be  much  longer  held  by  political  gamblers,  wealthy 
dolts,  titled  buffoons,  and  royal  puppets  ;  these  no  longer  sustained  by 
factitious  aids  must  descend  lo  their  own  level.  Theories  of  governments 
will  not  be  opposed  to  nature  and  carried  out  in  violation  of  her  laws ;  but 
practical  science  will  be  the  ruling  principle;  and  practical  [jhilosophers 
will  be,  as  God  designed  they  should  be,  the  master  spirits  of  the  world 
The  history  and  progress  of  the  useful  arts  will  soon  become  a  subject  of 
general  study.  Historians  will  hereafter  trace  in  them  the  rise  and  fall  of 
nations;  for  power  and  preeminence  will  depend  upon  new  discoveries  in 
and  applications  of  science.  Battles  will  soon  be  fought  by  engineers 
instead  of  generals,  and  by  mechanism  in  place  of  men.  But  battles,  wa 
trust,  will  hereafter  be  few  ;  fL>r  if  ever  men  were  called  upon  by  that 
which  is  dear  to  them  and  their  race — by  that  which  is  calculated  to  rouse 
*he  purest  feelings  and  exterminate  the  worst  ones,  it  is  to  denounce  that 
spirit  of  military  glory  which  encuuragc's  and  induces  offensive  wars.  Take 
away  all  the  false  glare  and  pomp  of  wars,  and  tyranny  will  expire — for  it 
would  have  nothing  to  support  it.  Put  war  in  its  true  light,  and  no  wet*.  ■ 
regulated  mind  would  ever  embrace  it  as  a  profession.  B 

To  poets  and  writers  of  romance,  the  annals  of  mechanism  present  ui< 
explored  sources  of  materials.  They  are  mines  of  the  richest  ores — 
fields  teeming  with  the  choicest  fruits  and  Howers.  Here  are  to  be  found 
incidents  as  agreeable  and  exciiing  in  their  natures,  and  as  important  in 
their  effects  as  anything  that  can  be  realized  by  the  imagination  alone  ; 
such  too.  as  present  nothing  to  offend  the  finest  taste,  or  conflict  with  the 
purest  morals.  When  novelists  have  worn  out  the  common  ground  ;  (and 
ihey  seem  already  to  have  done  so,)  when  mere  sentiment  grows  flat,  and  J 
the  exhiliition  of  the  passions  becomes  stale;  when  politics,  history  and  fl 
love  are  exhausted — works  founded  on  the  origin,  progress,  and  maturity^ 
of  the  useful  arts  will  both  charm  the  imagination  and  imjirove  the  judgment 
of  readers.  Does  an  author  wish  to  introduce  characters  who  have  left 
permanent  impressions  of  their  genius  upon  the  world  ?  Where  can  he  find 
them  in  such  variety  as  in  the  rare  of  innenfors  f  Is  he  desirous  of  enrich 
ing  his  pages  with  singular  coincidences,  curious  facta,  surprising  rcsultc 
— to  fascinate  his  renders,  and  cause  them  to  anticipate  the  end  of  his  pages 
with  regret  ]  Let  liim  detail  the  circumstances  that  led  to  the  conception, 
and  accompanie(i  the  Improvement  of  (hose  inventions  and  discoveries  thai 
Save  elevated  civiliied  man  above  the  savage. 

Is  luch  a  writer  desirous,  for  instance,  to  entertain  tie  sex  1     He  cou'J 
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M^i^^mr^^ncclually  than  \iy  writing  a  volurn^oi^ne  lahori  o*' 
(irimitive  spinsters,  ere  the  distaff  was  adopicJ,  or  tlic  fpitulif,"  (itie  origina 
fly-wheel)  was  invented  ;  by  detiiihng  ihe  clrcumsiaiices  that  gave  hirth 
lu  those  implements,  with  the  trials,  ohservations,  custotns  and  anecdotea 
connected  with  their  introduction  and  their  uses — imagining  the  congra- 
tulations that  were  poured  upon  the  artist  who  wove  the  first  web  in  a 
loom,  H-ud  the  praises  bestowed  upon  the  author  of  tliat  mochine  and  the 
shuttle — recalling  the  times  and  scenes  when  groups  of  laughing  females 
were  liaAtening  to  examine  the  first  colored    mantles  j   and   recording  the 

Mrsls  of  ndmiiiitinn  which  dropped  from  them  (ui  all  the  force  of  oriental 
Derltole)  upon  witnessing   the   procesces  by  which   jiurple  and  scarlet 
i  crimson  and  green,  Sec.  were  produced — recounlitig  the  methods  by 
lich  the  art  of  dyeing  wrought  a  revolution  in  costuriie,  and  how  it  bp- 
■ne  one  of  tlie  great  sources  of  wealth  to  i3abylon  and  Tyre — referring 
to  the  gratificaiioii  which  the  in>  ?iiiiiin  of  needles  and  pins,  of  ihimblev 
■nd   otimbs,  conferred  on  ancient  dames  ;  and  noticing  the  influence  of 
these  in  improving  the  dress  and  deportment  of  women — describing  the 
trials  of  artists  l>efore  they  succeeded  in  perfecting  these  instruments,  and 
1  on,  until  every  addition  to  domestic  dwellings,  to  household  furniture, 
and  to  dress  be  reviewed — until  every  thing  which  a  modern  lady  possesset 
over  an    Indian's  squaw  be  brought  f(irwBrd   and   described,  with   all  the 
known  fucti  and  circumstances  nssociuted  with  Its  history  and  application  ; 
ind  thus  form  a  scries  of  essays  on  the  arts,  in  which  every  hue  would 
poetry,  and  every  incident  new. 

A  new  specie!  of  drama  might  here  take  its  rise  ;  one  possessing  equal 
attractions  and  exhibiting  equally  interesting  pictures  of  human  life,  as 
any  thing  which  writers  of  comedy  or  tragedy  have  yet  produced.    Here 
•re  characters  and  customs  of  every  variety,  age,  and  nation — ino'dentJ 
and  adventure  in  the  greatest  profusion — the  extremes  of  misery  and  bliss, 
of  poverty  and  weallh,  of  suffering  virtue   and  unrequited   toil,  and   their 
posites.    Here  the  humblest  individuals  have,  by  indusiry  and  ingenuity, 
en  from  obscurity  and   astonished  the  world.      Mechanics  have  become 
[iirs  like  tlie  old  iiotter  of  Sicily,  (Agathocies,)  Aurelius  the  blacksmith 
Rome,  and    Leilz  the   linker  who  founded   the  caliph  dynasty  of  the 
ioSarites.    King?  have  left  their  thrones  to  bccoii.e  workmen  in  brass  and 
silver,  'vrod  onc^  iron  ;  as  Demetrius  at  his  lathe,  jEropus  making  lamps 
id  tables,  Charles  V.   in  his  watchmaker's  shop  ;   and  if  simic  bizarm 
bnmples  are  wanted,  there  is  still  to  be  seen  the  mantua-niaking  apart- 
ment  of  Ferdinand  VII.  with  specimens  of  his  work. 

A  play  might  \je  founded  on  the  fairs  held  at  Delos,  (the  Pittsburg  of 

of  thp  old  Greeks.)  where  merchants  (observes  Pliny)  assembled  from  all 

.,,...  ,,f  ,|,g  world  to  purchase  hardware  and  bronze.     An  island  whose 

were  ennobled  for  the  beauty  and  finish  of  their  works  in  the  metals, 

lio  particularly  excelled   in   brazen   feet  for  chairs,  tables,  and  bed- 

and   in  slaiues  and  olher  large  works  in   bniss.      Then  there  wai 

' 'rkmen  of  ..Egina,  who  beat  all  others  in   fabricating  brunches  and 

■   ckets  of  candelabra  ;   while  those  of  Tiirentum  produced  the  best 

(M-ijrainls  or  shafts.     In  connection  with  which,  there  is  the  singular  story 

of  llie  Lady  Geirania,  who,  after  giving  50,000  sesierees  for  a  bronze  candle- 

~    k,  adopted   IIS  ill-favored  and  bump-backed  maker  for  her  companion 

I  heir. 

Hnw  rich  in  interest  would  a  dramatic  scene  bo  if  laid  in  an  antediluvian 

itli'n  shop  !      (Forges  have  always  been   places  of  resort.)      To  notice 

characters  of  the  visitants,  listen  to  their  remarks,  examine  the  instru- 

iits  fabricated  by  the  artist,  his  materials,  fuel,  bellows,  and  other  tools ' 
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There  is  not  a  more  interesting  scene  in  all  the  Iliad  t)ian  the  deacripdot 
of  Vulcan  at  work.  But  if  such  a  distance  of  time  is  too  remote,  there  ii 
the  forp^e  o{  Kaioah,  the  blacksmith  of  Ispahan,  he  whose  apron  was  for 
centuries  the  banner  of  the  Persian  empire.  The  forge  of  Aurelius  also, 
where  he  madn  the  sword  by  which  he  was  while  emperor  slain. 

A  scene  might  open  in  the  barber's  shop  of  Alexandria,  in  which  the  boy 
Ctesibius  used  to  play,  and  where  the  first  scintillations  of  his  genius 
broke  out ;  while  his  subsequent  speculations,  his  private  essays  and  public 
experiments,  some  of  which  were  probably  exhibited  before  the  reigning 
Ptolemies,  might  be  bi  ought  into  view — his  pupil.  Heron,  and  other 
philosophers  and  literati  might  also  be  included  in  the  plot.  Of  the  con- 
nection of  barbers  with  important  events  there  is  no  end — there  was  the 
tatlitig  artist  of  Midas,  the  spruce  hair-dresser  of  Julian  the  emperor,  the 
inquisitive  one  that  saved  Cessar's  life  by  listening  to  the  conversation  of 
assassins — the  history  of  the  silver  shaving  vessel  with  which  the  benevo- 
lent father  of  Marc  Anthony  relieved  the  pecuniary  distresses  of  a  friend 
-^here  was  the  wicked  Oliver  Dain ;  and  the  ancestor  of  Tunstall,  the 
famous  Bishop  of  Durham,  was  barber  to  William  the  Conqueror  :  hence 
the  bishop's  coat  of  arms  contained  three  comb*. 

Who  would  not  go  to  see  a  representation  of  the  impostures  of  the 
heathen  priesthood  1  Men  who  in  the  daikest  times  applied  some  of  the 
finest  principles  of  science  to  the  purposes  of  delusion  !  With  what 
emotions  should  we  enter  their  secret  recesses  in  the  temples  ! — places 
Mrhere  their  chemical  processes  were  matured,  their  automaton  figures  and 
other  mechanical  apparatus  conceived  and  fabricated,  and  wltere  expcri 
raents  were  made  before  the  miracles  were  consummated  in  public.  But 
it  is  impossible  to  enumerate  a  tithe  of  the  subjects  and  incidents  for  the 
drama  that  might  be  derived  from  the  history  of  the  arts :  they  are  more 
numerous  than  the  mechanical  professions — more  diversified  than  articles 
of  traffic  or  implements  of  trades.  The  plots,  too,  might  be  rendered  as 
complicated,  and  their  denouement  as  agreeable  or  disagreeable  as  could 
be  desired  :  and  what  is  better  than  all,  in  such  plays  the  morarl,  intel- 
lectual and  inventive  faculties  of  an  audience  would  be  excited  and  im- 
proved— science  would  pervade  every  piece,  and  her  professors  would 
be  the  principal  performers. 

TUOS.  E'ATRANK 

Mi»-Yark,  Denmbtr.  1841. 
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BOOK    I. 

PRIMITIVE  AND  ANCIENT  DEVICES  FOR  RAISING  WATER 

CHAPTER    I. 

The  tmhi«ct  of  raisin;  water,  interesting  to  Philcscimers  and  Mechanics — Led  to  the  iuveiition  of  th(> 
Steam  Engine — Couiiected  with  the  present  adranced  state  of  the  Arts — Origin  of  the  uscfUl  arts  los^— 
Tfa*ir  history  neglected  by  the  Ancients — First  Inventors  the  greatest  benefactors — Memorials  of  tlim 
perished,  while  accounu  of  warriors  and  their  acts  perrade  and  pollute  the  pages  of  history — A  record 
af  the  origin  and  early  progress  of  the  arts  more  useful  and  interesting  than  all  the  works  of  historians 
tgtant  The  biytory  of  a  single  tool,  (as  that  of  a  hommer,)  invaluable — In  the  general  wreck  of  iho 
■fflB  of  the  ancients,  most  of  their  devices  for  raising  water  preserved — Cause  of  this— Hydraulic  ma* 
chinea  of  very  remote  origin — Few  inventait  by  the  Greeks  U-d  Eomans — Arrangemeol  and  d'vision  ol 
thcsobjecu 

Although  the  subject  of  this  work  may  present  nothing  very  nllurinj^ 
to  the  general  reader,  it  is  not  destitute  of  interest  to  the  philosopher  anil 
intelligent  mechanic.  The  art  of  raising  water  has  ever  been  closely 
connected  with  the  progress  of  man  in  civilization,  so  much  so,  indeed, 
that  the  state  of  this  art,  among  a  people,  may  be  taken  as  an  index  oC 
their  position  on  the  scale  of  refinement.  It  is  also  an  art,  which,  from 
its  importance  called  forth  the  ingenuity  of  man  In  the  infancy  of  soci- 
ety ;  nor  is  it  improbable,  that  it  originated  some  of  the  simple  machines, 
or  mechanic  powers  themselves. 

It  was  a  favorite  subject  of  research  with  eminent  mathematicians  and 
engineers  of  old  ;  and  the  labors  of  their  successors  in  modem  days,  have 
been  rewarded  with  the  most  valuable  machine  which  the  arts  ever  r.re- 
lented  to  man — the  STEAM  ENGINE — for  it  was  "raising  of  water" 
that  exercised  the  ineeiiuity  of  Decaus  and  Wokcester,  Mokeland  anti 
Pawn,  Sayarv  aTid  ?Tewcomen;  and  those  illustrious  men,  whose  sue 
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cessivo  labors  developed  and  matured  that  "  sernl-omnlpotent  pii-^ine," 
which  "  drivL'th  up  water  by  fire."  A  machine  that  has  already  greatly 
changed  and  immeasurably  improved  the  state  of  civil  society  j  and  one 
which,  in  conjunction  witli  the  i-itiNllNU  i-rlbS,  is  destined  to  renovate 
both  tlie  politicul  and  moral  world.  The  subject  is  therefore,  intimately 
connecled  with  tlie  prestuil  advanced  state  of  the  arts  ;  and  the  amazing 
prof^rpss  made  in  them  dunng  the  last  two  centuries,  may  be  allributeu 
in  some  degree  to  its  t  ;.ii.-\i.ion. 

The  origin  and  early  history  of  this  art,  (and  of  all  others  of  primitive 
limes)  are  irrecoverably  lost  Tradition  has  scarcely  j>r\'served  a  single 
bnecdote  or  rircumstiince  relating  to  those  meritorious  men,  with  whoni 
iny  of  the  useful  arts  originated  ;  and  when  m  process  ol'  lime,  i'l<T'iRr 
took  her  station  in  the  temple  of  science,  lier  professors  deemed  il  hcncalh 
her  dignity,  to  record  the  actions  and  lives  of  men,  who  were  merely  in- 
ventors of  machines,  or  improvers  of  the  useful  arts  ;  thus  nearly  al' 
knowledge  of  those  to  whom  tlie  world  is  under  the  highest  of  obliga- 
tions, has  perished  forever. 

The  SCHOLAR  mourns,  and  the  antiquary  weeps  over  the  wreck  of 
ancient  learning  and  art — the  philosopher  regrets  that  sufficient  of  both 
has  not  been  prcs-^rved  to  elucidate  several  interesting  discoveries,  whica 
history  has  mentioned  ;  nor  to  prove  (hat  those  principles  of  science,  upon 
which  the  action  of  some  old  machines  de])cnded,  were  understood  ;  and 
the  MECHANIC  inijiiires  in  vain  for  the  j)roce:<se3  by  which  his  predecessors 
in  remote  ages,  worked  llie  iiardest  granite  without  iron,  transported  ii 
in  masses  tliat  astoimd  us,  and  u.^ed  them  in  the  erection  of  stupendous 
buildiiigs,  apparently  with  the  facility  that  modern  workmen  lay  bricks, 
or  raise  tlie  lintels  of  doors.  The  machines  by  wliich  tJiey  were  elevated 
are  as  unknown  as  the  individuals  who  directed  llieir  movements.  We 
are  ohnost  as  igmuant  of  their  modes  of  working  the  metals,  ol'  iheir  al- 
loys which  rivalled  steel  in  hardness,  of  their  furnaces,  crucibles,  and 
moulds;  the  delail.s  of  forming  the  ennobling  statue,  or  the  more  tiseful 
skillet  or  cauldron.  Did  the  ancients  laminate  melal  between  rollers, and 
draw  wire  through  plates,  as  we  do  ?  or,  was  it  extended  by  hammers,  as 
«>me  specimens  of  both  seem  to  show?*  On  these  and  a  thotisiniid  other 
subjects,  much  uncertainty  prevails.  Unfortunately  learned  men  of  old, 
deemed  it  a  part  of  wisdom,  to  conceal  from  the  vuljrur,  all  discoveries  in 
science.  With  this  view,  they  wra|)|ied  them  in  mystical  figures,  that 
the  petiph-  rtili;lit  not  a])prchoiiJ  them.  The  custom  was  at  one  time  so 
general,  that  piiilosophi.'rs  refused  to  leave  any  thing  in  writing,  explana- 
lorv  of  their  researches. 

wheiiever  we  attempt  tci  penetrate  that  obscurity  which  conceals  froir 
<rjr  vii'w,  llio  works  of  the  ancients,  we  are  led  to  regret,  that  some  o*" 
their  mechanics  did  not  undertake,  liir  the  sake  of  jiosterily  and  their 
ow.~  fame,  to  write  a  history  and  description  of  their  machines  and  manu 
faciures. 

We  know  that  philosophers,  generally,  would  not  condescend  to  per- 
form such  a  tr.sk,  or  stou[)  to  ac<|uiro  the  requisite  informa'.ion,  for  they 
ocBined  it  discreditable  to  apply  tiieir  energies  and  learning,  to  t?ie  eluci- 
dation of  sucli  subjects.  (Few  could  boast  with  Hippins — who  was  master 
of  tlifi  liberal  and  mfr/iriniral  arts — the  ring  on  his  finger,  the  tunic,  cloak, 


•  '■  Am)  ihijy  itiil  beat  thr.  eM  into  thin  plates,  and  cut  it  Inlo  wires."  Exod.  xxxix.  U. 
'rhei>e  pl;itc».  vvfre  probably  •iinilarto  thd.ie  iiiaile  l)y  the  ancient  eold^niiUis  of  MiT.ict" 
which  viv'rn  "  tliref  ipiartrra  of  h  yard  lon^'.  (Wiiro  fingert  bro?nI,  and  as  thicke  a."  jmrch- 
ippni."  Piirctia<'  t'iigriiungc,  984.  "Silver  fprcad  into plaUe,  is  brought  from  Torshish, 
uid  gold  fmtn  Upliax."    Jer.  x,  9. 


(Thap.  l.j  IFtitorif  polluted  u?tth  atxounti  of  WaTriori.  9 

and  shoos  whicli  he  wore,  were  tlie  work  of  his  own  hands.)  Plato  in 
vi'iiflie>J  with  great  iniiig^iialion  against  Arcliytas  ami  £u<luxiis,  for  liaving 
dobuscd  aiiJ  ciirniptetl  the  excellency  of  gentni'try,  l)y  mechanical  so- 
luliims,  ciuisiiig  iicr  to  descend,  us  lie  said,  from  incorporeal  and  iiiteilec- 
lUiil  to  sensible  thinjjs ;  and  obliging  her  to  make  nse  of  matter,  which  re- 
t|uiros  manual  labor,  and  is  the  object  of  servile  trades.* 

Tn  the  |irevalence  of  such  onphiUnophic^il  notions  amongst  the  learned 
men  of  old,  may  be  attributed,  the  irretrievable  loss  of  information  re 
•jiecting  llie  prominent  mechnnics  of  the  early  ages,  those 

••  ScMircliioK  win, 

Who  graced  llieir  iige  tvitli  iieM  iiivRiiii-il  iirU."  Vireil,  En.  vi,  '.>U0- 

Their  win-ks,  tJiei/  inventions,  and  their  nnmcs,  iir«  buried  beneath  the 
waves  of  nbi'.-io:i;  whilst  the  light  and  worthless  memorials  of  heriMis 
(iils'.-ly  so  C4tll<-d,  have  Hoated  on  the  surface,  and  history  has  become  pol 
luted  with  L'.inted  descriptions  nf  men,  who,  without  having  added  an 
aloin  t»i  the  wealth,  or  to  the  ha]>piness  of  society,  have  been  permitted 
In  riot  on  tJie  fruit  of  other  men's  labors ;  to  wade  in  the  blood  of  their 
»pf.-<:iesL,  and  to  be  heralded  as  the  honorable  of  the  earth!  And  still,  a« 
in  former  times,  humanity  shudders,  at  these  monsters  being  helil  up,  a< 
ibry  impiously  are,  to  the  admiration  of  the  world,  and  even  by  some 
christians  tr)o,  as  examples  for  our  children. 

'■  We  may  reasonably  hope,"  says  Mr.  Davie*  in  his  popular  work  on 
the  Chinese,  "thiit  the  science  and  civilization  which  have  already  gn?atly 
enlarged  the  bounds  of  our  knowledge  of  foreign  countries,  may,  by 
ditniitishing  tiie.  viilgnr  ailiniration  of  such  pests  and  scourges  of  the 
Immuii  race,  as  military  con(juerors  hiive  usually  proved,  aiivance  and  fa- 
cUitnte  the  peaceful  intercourse  of  the  most  remote  countries  with  each 
olh^r,  and  theivby  ]ncrt;asn  flir  grnrral.  »tock  of  knoirlvdge  and  lt<ippincss 
%sw>tx^  m-mkitid."     Vol.  I,  IS. 

'•<.>f  what  utility  to  us  nt  tiiis  dny,  is  either  Nimrod,  Cyruf,  or  .Moxan- 
Jrr,  or  Iheir  successors,  who  have  ii«toni>lied  mankind  from  time  to  time  1 
\V  ••ir  magnificence  and  viki  designs,  they  ire  returned  into  inilhing 

*  ■  i  to  us.     They  are  ilisjiersed    like   vapors,  and  have  viiiii?he(l 

111'  IIS.      IJut   the    tNVKNToRs    of  the   ARTS   and  sciBNCKS    labored 

(>>     ■  s.    We  still  enjoy  the  fruits  of  their  application  and  industry — 

rtieT  li.ive  procureil  for  us,  all  the  conri;nlrnrict  of  life — they  have  con- 
vrrtcd  all  tiiiturc  to  our  uses.  Yet,  all  our  admiration  turns  nenenilly  on 
llir  side  "f  lh"<u  heroes  in  blood,  while  we  scarce  tJike  any  notice  of  what 
We  owe  to  the  iNVKVTons  op  the  arts."  RoUin'i  Introdiutiim  to  the  ArU 
t»i  Sofnrrx  iif  llir  Ancicn/s. 

Whti  tliut  ciinsulls  history,  only  for  that  which  is  vjrful,  would  not  pre- 
Crrlo  pcrnne  a  journal  of  the  daily  manipiihiiions  of  the  laborers  and  me- 
clntiic*  who  furnished  clnlhing,  iirms,  culinary  utensils,  and  food  for  the 
amtin'A  of  old — to  the  most  elo(]uent  descriptions  nf  their  generals,  or  '^.eir 
battle*  ?  And  as  it  is  iiow  with  respect  to  accounts  of  such  trnnsactions 
in  p.ist  affes^so  will  it  be  in  future  with  resrard  to  simihir  ones  of  mo- 
N'arrations  of  political  convulsions,  recitals  of  battles,  and  ot 
i.-rred  on  statesmen  and  heroes,  while  dripping  with  human 
gore.  Will  hereafter  be  unnoticed,  or  will  be  read  with  horror  and  disgust, 

while   IIISCMVKHIK8  IN    SCIENCE    atld    nESCRIPTIONS     OF    U8KFUI.    MACHINES, 

w.il  1^  ail  in  all. 

It  IS  [ileitsing  to  anticipate  th4.t  day,  which  tiie  present  extensive  and 
cttviiding  Jiffusion  of  knowledge  is  &t)out  to   usher  in,  when  despotism 


•  PlutucH't  Lift)  of  M.v;»l!ii«. 
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■hal.  no  longer  hold  the  great  m.\!<s  of  our  specibs,  .n  a  stcte  of  unnata< 
ral  ignorance,  and  of  physical  degradation,  beneath  that  of  the  beast* 
which  perish ;  but  when  the  mechanics  of  the  world,  the  creators  of  its 
wealth,  shall  exercise  that  influence  in  society  to  which  their  labors  en- 
title them. 

If  we  judged  correctly  of  human  character,  we  should  admit  that  the 
mechanic  who  made  the  chair  in  which  Xerxes  sat,  when  he  reviewed 
his  mighty  host,  or  witnessed  the  sea  fight  at  Salamis,  was  a  more  use- 
ful member  of  society  than  that  great  king : — and,  that  tl»e  artisans 
who  constructed  the  drinking  vessels  of  Mardonius,  and  the  brass  man- 
gers in  wiiich  his  horses  were  fed,  ^vere  really  more  worthy  of  posthu- 
mous fame,  than  that  general,  or  the  monarch  he  served  :  and,  if  it  be 
more  virtuo\is,  more  praiseworthy,  to  alleviate  human  sufferings  than  to 
cause  or  increase  tliem  ;  then  that  old  mechanician,  who,  when  Marcus 
Sergius  lost  his  hand  in  the  Punic  war,  furnished  him  with  an  iron  one, 
was  an  incomparably  better  man,  than  tliat  or  any  other  mere  warrior: 
and  so  was  he,  who,  according  to  Herodotus,  constructed  an  artificial  foot 
for  Ilcgisostratus.* 

Notwiiiistanding  the  opinion. of  Plato^we  believe  a  description  of  the 
WORKSHOPS  of  D,£DALt'8,  and  of  Talus  his  nephew;  those  of  Tiieodo- 
RU8  of  Samoa  and  of  Glaucus  of  Chios,  (the  alleged  inventor  of  the  in- 
laying of  motals  ;)  an  account  of  the  process  of  making  the  famous  Lesbian 
and  Dodonean  cauldrons,^  and  of  the  method  by  which  those  celebrated 
paintings  in  glass,  were  executed,  fragments  of  which  have  come  down 
to  us,  and  which  have  puzzled,  and  still  continue  to  puzzle,  both  our  ar- 
tists and  our  clu'mists ;  (the  figures  in  which,  of  the  most  minute  and  ex- 
<]uisite  finish,  pass  entirely  and  uniformly  through  the  glass ;)'  if  to  these 
were  added,  the  particulars  of  a  working  jeweller's  shop  of  Persepolis 
and  of  Troy ;  of  a  lapidary's  and  an  engraver's  of  Memphis ;  of  a  cul- 
ler's and  upholsterer's  of  Damascus ;  and  of  a  cabinet  maker's  and  bra- 
zier's of  Home ;  together  witli  those  of  a  Sidoniati  or  Athenian  ship  yard 
— such  a  record  would  have  been  more  truly  useful,  and  more  really  tw- 
Urentiiig,  than  almost  all  that  ancient  philosophers  ever  wrote,  or  jToets 
ever  sung. 

A  description  of  the  roi'.NDRiF.a  and  forges  of  India  and  of  Egypt; 
of  Babylon  and  liyziintium ;  of  Sidou,  and  Carthage  and  Tyre  ;  would 
have  imparted  to  us  a  more  accurate  and  extensive  knowledge  of  the 
ancients,  of  their  manners  and  customs,  their  intelligence  and  progress  in 
science,  than  all  the  works  of  their  historians  extant ;  and  would  have 
Ijeen  of  infinitely  greater  service  to  mankind. 

f  Jad  a  narrative  been  preserved,  of  all  the  circumstances  which  led  to 
tlie  invention  and  early  applications  of  the  i.ever,  the  screw,  the  wedge, 
POLLEV,  WHEEL  and  axle,  &r.. ;  and  of  those  which  contributed  to  the 
discovery  anil  working  of  the  metals,  the  use  and  management  of  fire, 
agrieulturc,  spinning  of  thread,  matting  of  felt,  weaving  of  cloth,  &c.  it 
wmild  have  Ii'.'Cin  the  must  perfect  history  of  our  species — the  most  valua- 
ble of  earthly  legacies.  Though  such  a  work  might  have  been  deemed  of 
trifling  import  by  philosophers  of  old,  with  what  intense  interest  would 
it  have  Ixjen  perused  by  scientific  men  in  modern  times !  and  what 
pure  delight  its  examination  would  have  im])arted  to  every  inquisitive  and 
ini (diligent  mind ! 

Such  a  record,  would  not  only  have  filled  die  mighty  chasm  m  the  earljf 
history  of  .he  world,  but  would  have  had  an  important  influence  in  pro 

*  Herod,  ix,  37    <•  Eneitl,  iii.  5!)5,  and  v,  350.  Herod,  ir,  61.    '  F.d.  Encyc  Art  Glau 
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laothi^  the  best  intcresu  of  our  race.     It  would  liave  embraced  incident) 
n  man's  early  wants,  and  his  rude  ctfbrts  to  3U|>ply  ihem  ;  par- 

I.  'CCtitig  ominent  individuals,  and  tlie  ori[;in  of  nntcdiluriiin  dis- 

c.  i  inventions,  &c.  of  such  thrilling  interest,  as  no  modem  no- 

li ;  equal,  nor  tlic  most  fertile  imnfrination  surpass. 

Il  ttuuld  have  included  a  detail  of  those  eventful  experiments  in  which 
iron  was  first  cast  into  cauldrons,  forged  into  hatcliels,  on<l  drawn  into 
»rirc;  wilii  an  account  of  llie  individuals,  by  whose  ingenuity  and  perse- 
verance, these  invaluable  operations,  wers"  for  tlie  Krsl  time  on  tins  pla- 
net, successfully  pcrfnrmrd.  Finally,  it  would  have  convinced  us,  liiat 
these  men  were  the  true  iieuoes  of  old,  the  genuine  •.enetaclors  of  their 
species,  whose  labors  wore  for  the  benent  of  «//  ages,  and  all  people  ;  and 
■11  account  of  whose  lives  (not  those  of  rolibers,)  should  have  occujiied  the 
pat;«.-s  of  Iiiilory,  and  whose  names  should  have  been  embalmed  in  ever- 
lasting remembrance. 

A  chronological  account  of  a  few  mcchaniral  hnplctnenti,  would  have  af- 
forded a  clearer  insight  into  the  state  of  society  in  remote  times,  than  any  wri- 
tings now  subsisting.    Nay,  if  we  could  realize  acomplete  history  of  a  single 

'  as  a  hammer,  a  saw,  a  chisel,  a  hatcliet,  an  auger,  or  a  loom,  it  would  form 

lore  mmprehensive  history  of  tlip  world,  than  has  ever  been,  or  perhapa 
•ver  will  bo  written.  Take  for  example  a  hnmmcr;  what  a  multitude  of  in- 
tereslins:  circumstances  are  in.'cparablv  connected  with  its  development 
and  fnrly  uses  !  circumsiances,  which,  if  we  were  in  possession  of,  would 
explain  almost  all  that  is  dark  and  mj'stcrious  respecting  our  ancient  pro- 
penitiirs.  A  history  of  this  imjilemcnt  would  embrace  the  origin  and  ge- 
neral progress  of  ali  the  useful  ans ;  and  would  elucidate  the  civil  and 
iciontiHc  acauircments  of  man,  in  every  age.  It  would  open  to  our 
view,  the  public  and  private  economy  of  the  ancients;  introduce  us  into 
the  interior  of  llieir  workshops,  their  dwellings  and  their  tem]>les ;  it 
wcatd  illustrate  their  manners,  politics,  religion,  superstition,  &c.  In  tra- 
aus  the  \Tirious  purposes  to  which  it  was  applied,  we  should  become  ac- 
attunted  with  all  the  niiilerial  transactions  in  the  lives  of  some  ancient  in- 
airifJuals  from  iheir  birth  to  their  death  ;  ami  also,  with  the  circumstances 
which  led  to  llie  rise  and  fall  of  empires.  Like  the  celebrated  "History 
of  a  Guine.i,"  it  would  ojH*n  to  our  inspection  all  the  minuliaj  in  private 
tnd  public  life. 

How  inruiilely  various,  are  the  materials,  sizes,  forms,  and  mcs  of  the 
iiamracr  t  and  how  indic.iiive  are  they  all  of  the  state  of  society  and  man- 
niersl  At  first,  a  club;  then  a  rude  mallet  of  W(««l  ;  next,  the  head  form- 
eJ  of  stone,  and  bound  to  the  handle  by  withes,  or  by  the  sinews  of  ani- 
inais ;  afterward,  the  hc.ids  formed  of  inetal.  These,  before  iron  or  steel 
was  kno'wn.  were  often  of  copjicr  and  even  of  gold ;  and  subsequently, 
ihiMc  4>f  the  latter  material  wei-e  faced,  like  some  ancient  chisels,  witli  the 
ntirv  scarce  and  expensive  iron.* 

Anrictit  hammers  varied  as  now  in  size,  from  the  huge  sledge  of  Oie 
CYeIo|h<,  tn  llie  jiortable  one,  witli  which  Vulcan  chased  the  moix»  delicate 
1»'  '  ■  '  I  shield  of  Achilles, — frnm  the  maul,  by  which  masses  of  oro 
«■  led  fniin  llieir  lied*  in  ilie  mines,  Ui  ihe  diminutive  ones,  which 

Mvriui n.lcs  of  Mih-iiis,  and  Th<-odoiiis  of  S.omos,   used  to  fabncate  car- 
riages and  hor«»!S  ol"  metal,  whicii  were  so  minute  as  to  be  covered  by  Uio 

**  It  a|ip>ian>  tlinl  in  thf  tnni;il>l<>  reiiniii!*  nr  tnieltiiig  rnriiacea,  roiiiid  in  8iliuna,  thai 
joM  tijuiiurri'.  kiiive*,  cliii>vli<.  &c.  Iinve  liop'i  "liscovercd.  the  nlgtn  of  which  were  skir 
niili  lijyr/l  teilh  inm;  shinving  llie  wnrcity  of  the  orp,  the  difficulty  of  iii-iniifiictiirinf 
U.  iikI  iIii-  pirntv  anil  ap|i:trenllY  Irifliiig  vf.liie  of  (lie  nllior."  t^civulific  Tracts  Boi 
l«n,lei:K(.     VoLiii,  411. 
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winjr«  of  a  fly.  \\.sjigure  nas  always  vai-ieJ  with  its  uses,  aiiJ  none  l)ui 
modern  workers  in  the  inetuls  can  ntulizu  the  endltsss  varit'ty  ol'  its  shapes, 
whicli  tlie  ancient  smiths  requii-cd,  to  fabricate  the  wonderfully  diversified 
articles  of  their  mauuufcturc:  from  die  massive  brazen  altars  and  cliuriote, 
to  the  chased  goblets,  and  invaluable  tiipods  or  vases,  for  the  j>(>ss«ission 
of  which,  whole  cities  contended. 

Tlie  history  of  tlie  hammer  in  its  widest  range,  would  let  us  into  the 
secrets  of  the  statnaries  and  stone  cutters  of  old :  we  should  learn  the  [>ro- 
ccss  of  making  those  metallic  comjiounds,  and  working  them  into  tools, 
witli  which  the  PJgyptian  mechanics  sculptured  tliose  indurate  columiu 
that  resist  the  best  tempered  steel  of  modern  days.  It  would  introduce  us 
to  the  ancient  chariot  makers,  cutlers  and  armorers;  and  would  teach  ua 
how  to  make  and  temper  the  blades  of  Damascus  ;  as  well  as  those  which 
were  forged  in  the  extensive  manufactory  of  the  father  of  Demosthenes. 
It  would  make  us  famihar  with  the  aits  of  the  ancient  carpenters,  coiners, 
coojiers  and  jewellers.  We  siiould  learn  from  it,  die  process  of  forging 
dies  and  striking  money  hi  the  temple  of  Juno  Moneta;  of  nuiking  the  bod- 
kins and  pins  for  the  head  dresses  of  Greek  and  Roman  ladies  ;  while  at 
the  religious  festivals,  we  should  behold  other  forms  of  this  im]>lemcnt 
m  use,  to  knock  Aown  victims  for  sacrifice  by  the  altars. 

Finally,  a  jierfect  history  of  the  hammer,  would  nut  only  have  made  us 
ac(]uainted  with  the  origin  and  j)r()gress  of  the  useful  arts,  anioi.g  tlie  pri 
meval  inhabitants  of  litis  hemisphere ;  but  would  have  solved   the  great 
problems  respecting  their  connection  with,  and  migration  from  die  eastern 
world. 

But  although  we  justly  dejilore  the  want  of  infonnation  relating  to  the  arts 
in  gcmeriii  of  tlie  remote  ancienis  ;  it  is  jirobalile  that  fi;w  of  tlu;ir  devices  lor 
luising  water  have  been  wholly  lost.  If  tlu-i-e  was  one  art  of  more  importance 
tliaii  iuiothcr  to  the  early  inhabitants  of  Ckntrai,  Asia  and  the  vai.i.ev  of  tub 
Nile,  it  was  that  of  raising  water  for  agricultural  puqioses.  Not  mt?relv  their 
general  welfare,  but  their  v<>ry  existtsnce  dependt.'d  n]>oii  the  artificial  irrigii- 
tion  of  the  lanil ;  hence  their  ingenuity  was  early  directe»l  to  the  construction 
oimanhincn  fortius  ]mrpose ;  and  tht^y  were  stimulated  in  devising  them,  by 
the  most  powerful  of  all  inducements.  That  machines  must  have  Imeii  !»</»»- 
pennaltle  in  past,  as  in  present  times,  is  c\-ideiit  from  the  cliniutes  and  phy- 
sical constitution  of  those  countries.  Their  importaiii-e  tlieri?fore,  aiul  uni- 
versal use,  have  been  the  means  of  their  jircservation.  Nor  is  it  probable 
diat  any  of  tliem  were  ever  lost  in  the  numerous  political  convulsions  of 
old.  These  seldom  affected  the  pursuits  of  agriculture,  and  never  changed 
the  long  established  modes  of  cultivation  ;  besides,  hydniulic  ap|>arutus 
from  their  utility,  wore  as  necessary  to  the  con(|uerors  as  the  comjuei-ed.^ 

Perhaps  in  no  department  of  tlie  useful  arts,  has  less  change  taken  place 
than  in  Asiatic  and  Egyptian  agriculture.  It  is  the  same  now,  that  it  was 
thousands  of  years  ago.  The  implements  of  husbaiulry,  modes  of  irriga- 
tion, and  devices  for  raising  water  are  similar  to  those  in  use,  when  Ninua 
and  Nebuchiulnez/.ar,  Sesostris,  Solomon,  and  Cyrus  flourished.  And  it 
woidd  a|)])ear  that  the  same  unijiirmiti/  in  these  machines  prevailed  over  all 
tlie  <>ast,  in  ancient  as  in  modem  times  :  a  fact  accounted  for,  by  tl.c  ^reat 
and  constant  intercourse  between  continental  and  neighboring  nations;  the 
practice  of  warriors,  of  transporting  the  inhabitants  and  esjKJcialiy  the  me- 
chanics and  works  t>f  art,  into  other  lands ;  and  also  from  the  great  impoi* 
tance  and  universal  use  of  artificial  irrigation. 


•Batt'es  wcro  sometimes  fought  in  one  field,  while  laborers  were  cultivating  unmo 
ln>ted  tlie  land  of  au  adjoining  one. 


hap.  1.]         Ifijdrautie  mat^net  nf  ttir  Aneicnit  not  toH. 

Kvery  |>nrt  "f  the  I'lufU-rn  wnrlil  has  often  hmi  us   /ilialiiiniits  lorn  Tirim 
bv  war,  iu»\  lijcir  places  ucciijiii'ij  \ty  othi-i's.     This  [inirtici?  of"  ciniue 
rs  was  snitnctimes  rmxlifiiiJ,  as  rpspccrcd  the  peiLsnutrv  of  a  onhJucd 
inrrv,  l»ul  it  !i]>iH'ars   ihut  from   vi-ry  n^ninte  agfs,  hiit/hihiiw  wciv  itiva- 
Jy  eirrioij  off.     The  Pliunicians  in  a  war  willi  the  Ji-m  s,  ili-privod  rhcrii 
cv«»ry  nmn  wh"  C"nld  forge  iron."    "Tliore  was  no  sniitli  finiiid  llii-ouirli- 
;  all  llic  land  »{'  l!<i'ii(!l;  fijr  the  I'hilijtines  said,  lest  thi"  Hi-lii-cws  make 
■i»nl»  mid  spears."     i?iiAi.MA.vEZEn,  when  he  took  .Sainmia,  cnri-ied  the 
iijiie  "a\v;iy  out  of  their  mvn  lam!  to  .\ssyiia,  ami  die  king  of  Assyria, 
■I'Ti  from  Huhylon,  and    from    Cutliah,  and   from   Ava,   nixl  irom 
111  iiid  froMi  .'^epharviim,  iiistend  of  the  children  of  Israel;  niid  ihev 

ed   .Siiinaria,  and  dwelt  i:i  the  cities  thereof.''''      When  NelMiih.ul- 
took  Jerusalem,  he  carried  off,  with  the  treasure  of  the  tenijih',  "  all 
t'lsnien  and    sniilhs."     Jen'tniah  ssys  he  carried  nwjiy   the  "ear]ieii- 
d  smiths,  and  lirouijht  them  to  Baliylon."     Diotlonis  Kays,  the   pu- 
es  <if  I'ersepoiis  and  .Susa  were  liuilt  by  mechanics  that  Cainbyses  ear- 
lucd  from  E£;ypt.*     Ancient  history  is  full  of  similar  i-xamples.     Ajexnn- 
pricliaed  it  to  a  irrcal  extei.t.     Alter  his  death,  thi-re  was  fViuiid  unioni; 
ia  lul>lel.<t,  a  resolution  to  build  several  cities,  some  in  Kurope  and  Mime  in 
.sia;  and  his  dcsigTi   was  to  people  tliosc   in  Asia  with    lMiri>|ieans,  and 
lose  in  Kurope  with  ^Wiatics."'     In  this  manner  some  of  llic  most  useful 
■n»,  iiece*«anly  l)ecame  common  to  all  the  natiotis  of  old;  ami  their  per- 

dcprce  secured,  especially  such  as  related  to  the  tillage 

■I   the  soil. 

\\i:  a:ij   inclined    to  believe   that  the  hydraulic   machines  of  the   Assy- 

Uabvloniaiis,  I'ersians  and  Ecryptians,  have  all,  or  nearly  nil,  come 

'Wn  to  us.      I.'ost  of  ihcm  have  been   continued   in  uninlornijited  Zise  in 

iO  coutitries  to  the  present  times;  while  others  have  reached  us  through 

Groi-ks  and    Ronian^,  Samcens  and  Moors;  or,  ha\e  Ixicn  obtained 

modern  days  fnim  China  and  Hinuo!.,»in. 

It  is  rern.irkalile  that  almost  all  machines  for  i.,i»in!j  water,  '•••ifriimted 
ith  the  oldfr  nations  of  tlie  world;  neither  the  Greeks,  (if  the  screw  of 
non  l>e  excepted,  and  even  it  was  invented  IN  Envi'T,)  nor  the  Ttomans 
"ltd  a  single  one  to  the  ancient  stock ;  nor  is  this  surprising^;  for  with 
;w  cxoi!]itii)ns,  those  in  use  at  the  present  day,  are  eitlicr  idee.tical  with 
but  raodiHcnlioris  of  tiiose  of  the  ancients. 

It  is  alleged  that  .'Vrchytns  of  Tarentum,  400,  B.  C.  invented  "hydrau 

nutrJiiifsi,"  but  no  account  of  them  lias  reached  our  times,  nor  do  we 

low  that  they  were  designed  to  raise  water.      They  consisted   jnobttbly 

the  application  of  the  windlass  or  crane,  (the  latter  it  is  said  he  uivent 

)  In  move  machines  for  this  purpose.     Had  any  im]>i)rtant  or  useful  ma 

ine  for  raising  water,  lieen  devised  by  him,  it  would  have  been  eoiitinu«?d 

n-e;   and  would  certainly  have  been  noticed  bv  Vitruvius,   who  was  ae- 

:ed  with  his  inventions,  and  who  mentions  him  several  times  in  his 

1  b.  chap.  1.,  and  9  b.  chap.  3.* 

NV"o  have  arranged  the  machines  described  in  this  work  in  five  classes; 

u»  each  of  which,  a  separate   book  is  devoted.     A  few  chapters  of  tho 

first  book,  are  occupiea  with  remarks  on  watek  ;  on  the  okiuin  op   rss- 


^ncienl 


t«t  Sam.  chnp.  »iii.  19,  ti.     H  Kins«  chap.  xvii.  2."?,  24.     "^Gopiel,  Tom.  iii,  13. 
l'Din'|[>rti«  8itiilii.i.  quoluci  bv  Kubi-rlMin.    India  fnffi  191.    ^cu  Wilkin.'.an'a  Ac 

•-• !  vol.  2(H>. 

undo  un  automaton  pigeon  of  wood  ivliich  would  fly.     It  was  tliia  probably, 
llic  idea  to  llie  iiioilern  mechanician  of  Niiririiibiir^h,  who  eoiutrucied  ui 
|Je,  Mtticii  flew  lowiirdit  Charles  V.  on  hia  entrance  into  tliat  citjr 
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SELS  for  contammg  it;  on  welxs  and  pocntaixs,  and  customs  connected 
with  them,  &c. 

Some  [lenons  are  apt  to  suppose  tlie  term  htdraulic  mac/itHa,  compri 
DCS  every  device  for  raiting  water;  but  such  is  not  the  fact.  Ap]>aratiu 
jrropeUrd  by  it,  as  tide  mills,  hoc.  are  hydraulic  machines;  these  do  not 
raiBC  the  liquid  at  all :  while  on  the  contrary,  all  tliose  for  elevating  ;>, 
which  are  comprised  ii.  the  second  class,  are  pneumatic  or  hydro-piiouniatic 
macliines,  their  action  depending  on  the  pressure  and  elasticity  of  tlie  at- 
mosphere. 

1  \\&fir»t  Class  includes  those,  by  which  the  liquid  is  elevated  in  movable 
vessels,  by  mechanical  force  applied  to  the  latter. 

Water  raised  in  a  bucket,  suspended  to  a  cord,  and  elevated  by  the  hand, 
or  by  a  windlass;  ths  common  pole  and  bucket,  used  daily  in  our  rain  wa- 
ter cisterns;  the  sweep  or  lever  so  common  among  our  farmers,  are  exam 
pics  of  this  class;  so  are  the  various  whecl:<,  as  tlie  tympanum,  noria, 
chain  of  p>ts;  and  also  the  chain  pump,  and  its  modifications.  This  Class 
embraces  all  the  principal  machines  used  in  the  ancient  world;  and  the 
greater  (lart  of  modem  hydraulic  machinery-  Is  derived  from  it. 

The  second  Class  comprises  sucli  as  raise  water  tltrough  tubes,  by  meana 
of  the  elasticity  and  pressure,  or  weight  of  the  atmosphere;  as  tucking 
pumps,  so  named ;  siphons,  syringes,  &c. 

The  aplication  of  Uiese  macliines,  unUke  those  of  the  first  class  is  limi- 
ted, because  the  atmosphere  is  only  sufficient  to  support  a  column  of  water 
of  from  thirty  to  tijirty  five  f<!et  in  pcq>endicular  height;  and  in  elevated 
countries,  (as  Mexico)  much  less.  Numerous  modifications  of  these  ma- 
chines have  been  made  in  modern  limes,  but  the  pump  itself  is  of  ancient 
origin. 

Those  which  act  by  compression  are  described  in  the  third  Class.  The 
liquid  being  first  admitted  into  a  close  vessel,  is  then  forcibly  ex|H-lled 
through  an  aperture  made  for  tlie  puq>ose.  In  some  machines  tliis  is  effect- 
ed by  a  build  body  •"■Dinging  on  tl»e  surface  of  the  liquid;  as  die  piston 
of  a  pump:  in  others,  the  weight  of  a  column  of  water,  is  used  to  accom- 
plish the  same  pur|K>se. 

Syringes,  fire  engines,  pumps  which  are  constructed  on  the  same  princi- 
ple as  the  common  bellows,  are  examples  of  the  former;  and  the  famous 
machine  at  Chemnitz  in  Hungary,  Heron'sfountain,  pressure  engines,  of 
the  latter.  Nor  can  the  original  invention  of  these  be  claimed  by  the  mod- 
cms.  Like  tlie  preceding,  they  were  first  developed  by  tlie  energy  of  an- 
cient intellects. 

Fourth  Cess.  There  is  however  another  class,  which  embraces  several 
machines,  whicn  are  supposed  to  be  exclusively  of  modern  origin ; 
anu  eoine  of  thcnt  are  by  far  the  most  interesting  and  philosophical  of  a.'l. 
Such  as  the  Beaor  hydraulique,  or  ram  of  Montgolfier ;  the  centrifugtl 
pump;  the  'ire  engine,  so  named  because  it  raised  water  "by  the  help  of 
fire;"  that  is,  tlie  original  yeun  engine,  or  machine  of  Worcester,  More- 
land,  Savaty  and  Papin. 

In  the^^A  Class,  we  have  noticed  such  mocsr     :', vices,  as  are  either 
practically  useful,  or  interesting  from  their  novelty,  or  tlie  princij)les  upon 
which  tJiey  act,     An  account  of  siphons  is  comprised  in  tliis  class.     Ke 
marlu  on  natural  modes  of  raising  water.     Obserx'ations  on  cocks,  pipes 
Vklv<:8,  &c;  and  some  general  rcnuctloiis  arc  added. 


Water. 


CHAPTER     II. 

Wft-m — ll»  kapArtaroe  U  the  ecaooni)'  of  D«turf* — Fnrtn«  part  or  all  •uii*uncf>« — F(m>  t  t<r  nil  aul* 

IWii>  Grmt  I  hykUal  ciiKHfC*  eJTccteil  Ity  jl— Karllpvt  aourre  of  Inniilmntc  tiiudve  \Kiwvr — )t»  itMUlba- 
baa  «Tcr  tbe  c&rlli  bnl  umrurai — SufTcriuft  of  the  orientaJi  fruin  want  of  walrr — A  fcnowliHltrc  nf  ibll 
■maairy  to  uai1n«tatitl  \hriT  «rit«r*^rolilirtJ  lu^rnuny  of  Nabontrl — Water  a  itnitnlnfiit  OKilurs  ia 
tta  paradiaa  of  tbr  A«uitir»->C*ani«lf  ofl«n  fliain  hy  travellrra,  to  obtain  unlor  fidiii  titcir  •tontacU^— 
Caal  mt  a  ilrau^bt  of  •««!!  walvr — Hydraulic  machine  nfvrrrA  tu  111  Kccloalaatoa^Thn  useful  urlii  urigl* 
aat*it  ta  A*ia — Priiinllff*  niiNUa  uf  procuring  wati<r — l.'»iny  the  band  aa  a  eu|i — Tntdiliutit  retprctinf 
AAaa — Scyiltiaii  UwJittoo — ralU'lruni — Olia<<fvalMm»  00  tlf  ;.tinilive  alata  of  map  and   tbc  origin  of 

Water  ia,  in  many  nisjiects,  the  most  important  substance  known  to  man ; 
it  15  mnro  cxtiMisively  difl'used  tJirougliout  natiiri?  tlian  ahno&t  luiy  other.  It 
covers  tlie  i^rcatcr  paif  of  the  earth's  siirfuce,  and  ia  found  to  perviido  its 
interior  \v)i<frever  extriivaticns  arc  made.  It  ontci's  in'x)  every  or  nearly 
ercry  combination  of  matter,  and  was  supposed  }>y  some  ancient  philoso- 
phers, in  be  the  nricrin  of  a/'  matter;  tJie  primordial  element;  ot  which 
rrcry  object  in  nature  was  formed.  The  minonil  kingdom,  w  it),  ifr  varie- 
gitcd  suWrtances  and  chrys'Aliztitions;  tlie  infinitely  diversilied  and  enchan- 
ting ptTKluctions  of  the  veg?*able  world;  pjid  every  livinp  beii.g  in  anima- 
tetl  tatnrc,  were  supposed  ;o  be  »o  many  modifications  of  iliic  atpieous  fluid. 
Aceordinc  tn  V'jrni/'Vius,  die  "Egyptian  priests  tauglit,  ihut  "  all  things  con 
«ist  of  water;""  and  Kgvpt  "v.is  noubfless  the  source  whence  Thalesand 
Others  derived  the  doctrine,  Pliny,  says  "  tlii«  tme  eiefr  ent  secmeUi  to 
rule  and  coinmatid  all  the  i-est."''     And  it  was  remarked  by  Pindab — 

"Ur  J  I  t':inpi.  wnler  Is  llir  bc«l." 
Modem  science  has  shown  tlmt  it  is  not  a  aii.ij.ie  substance,  but  is  com 
posed  of  at  least  two  others;  reither  of  which,  it  is  possible,  is  elementary. 
Water  not  only  forms  part  of  tlie  1-odies  of  all  animals,'  but  it  constitutes 
the  greatest  portion  of  tlicir  food.  JlJvery  con.i-jrtof  civili/.ed  or  .savage  life 
depends  more  or  less  ujion  it;  and  life  itself  tanntt  be  sustained  without  it. 
If  there  were  no  rains  or  fertilizing  dews,  vcgct.ition  would  cease,  and  every 
animated  being  would  perish.  Kvnn  terrestrial  animals  m^y  be  considered  us 
existing  in  water,  for  the  utmc  sphere  in  which  we  live  and  move,  i."  an  im- 
mense aerial  rcsi^rvoir  of  it,  and  one  more  capacious  than  all  the  seas  on 
the  face  of  Uie  eartli. 

Water  is  also  the  proniinont  agent,  by  which  those  great  physicid  and 
chrmioaJ  chiuiges  are  effected,   which   the  earth  is  continually  undiTL'oing; 
tJie  stupend    is    effects  produced  by  it,  dirough  the  'ong  series  of  past 
».  hnve   given  rise,  in  modem  times,  to  sonic  of  llie  most  interesting 
•  of  physical  science. 

iiiuiical  effects  produced  by  it,  render  it  of  tlie  highest  impor- 
tance in  liio  arts.  It  was  the  earliest  source  of  inanimate  motive  power; 
•nil  lias  contril  iited  mort;  than  all  other  agents  to  the  amelioration  ol  man's 
eonditiiiri.  Ly  its  inertia  in  a  running  stream,  and  by  its  gravity  in  a  falling 
one,  it  has  suiierseded  much  human  toil;  and  has  ailministered  to  our 
wants,  our  pleasures  and  our  profits;  and  by  its  expansion  into  the  aeriform 


•  IVrw-ni  to  b.  viii.     '  Nut.  Hist,  xxiii.  I. 

'  \  liuomn  curpM*  which  weighed  lui  hundred  and  sixty  ponnd»    wben  the  inoistort 
•u  o'lpontiHt,  weighed  but  twelve. 
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i'Atc,  it  appears  to  lie  <l<-st:r;c>l.  fthroasrh  the  steam  vr.s  '')  to  accomplish 
tii'j  im-atcst  inonii  and  j>!.vs;cil  charges,  which  tiie  i:.Ti-:ii'i.taal  iiiliahitaiits 
of;!.:.-  ;i!i;:et  i.:ive  ever  v.yiH.Ticnced,  since  our  s^K■c;e^  i'».-<;.ii::p  its  denixens. 

T;i<'  d.r:\v'.':i  i'.'.on  of  watiT  is  not  uniform  over  tiie  eartii's  r^iirfiire,  nor  yet 
ar.'lor  :t.<  cruit.  While  in  soiriv  countries,  natunii  t"i>iii.t;i:i:.<.  rsijiacious  rivers, 
arnl  fre'ju<riit  riiris.  pniscnt  ai>:iii<iaiit  sources  fiT  all  t.'ic  i'ii;-|M>ses  of  human 
lifi; ;  in  otlier.--,  ;l  !s  extn-mrly  scarce,  and  piDcurciI  •■::.%■  v.!ih  diKicuhy,  and 
con.'>iant  l.il»or.  Tills  hxs  ev«.T  l>ecn  the  case  in  v.::-ii.;it  r-.i.-ts  of  Asia,  and 
aI.<Mj  ill  E:^y|>t  and  other  nurts  of  Africa,  whi-ix-  ia:!i  sf.iii>m  falls.  It  is 
ordy  from  a  kn>iwlcdire  ot'  this  fact  and  of  the  tem|H;r.iture  and  deliilitating 
influi.Mices  «if  fa-tcrii  climates,  that  we  are  enal>le>l  to  ajiprociate  the  j>ecu- 
liar  force  and  Ijeaury  of  nun:erous  allusions  to  water,  which  |>ervade  all 
the  writings  of  ea.'>tei'n  authors,  lx)th  sacred  and  |in)fHne.  Xor  without 
this  knowledg'e  cuuid  we  understand  many  of  the  peculiar  customs  of  the 
people  of  the  east. 

M.viio.MCT  well  knew  that  liis  followers,  living  under  the  scorching 
rays  of  the  .sun,  their  tlcsh  shrivelled  with  the  desiccating  influences  of 
the  air,  and  "  dried  up  with  thirst,"  could  only  Iw  moved  to  embrace  his 
doctrines  hy  such  promi.ses  as  he  made  them,  of  "  springs  of  living  waters," 
"security  in  shaues."  "  amidst  gardens"  and  "  fountains  jKiuring  fortli  plen- 
ty of  water.''*  I  lor  could  his  ingenuity  have  deviseil  a  more  appropriate 
punishmtrnt,  than  that  with  which  he  tlireatened  unl)elieving  Arahs  in  helL 
riiey  were  to  have  no  mitigation  of  their  torm-;nts;  no  cess;ition  of  them, 
except  at  certain  intervals,  when  they  were  to  take  cojiious  draughts  of 
"/dlh;i  and  boiling  water."*  It  was  universally  l>elieved  hy  tlic  ancients, 
tliat  the  M.A.NES  of  their  deceased  friends  exj)erieni-ed  a  suspensicm  of 
punishment  in  the  internal  ix-gions,  while  partaking  of  the  provisions  which 
tlieir  relatives  placed  on  their  graves.  The  Arabian  legislator  improved 
upon  the  tnulition. 

The  orientals  have  always  considered  water,  either  figumtively  or  lite- 
rally, as  one  of  the  principal  enjoyments  of  a  future  state.  Gardens, 
shades,  and  fountains,  are  the  prominent  objects  in  their  paradise.  In  the 
KevehitioMS  wo  are  told  "  the  Lamb  shall  lead  them,  (the  righteous,)  un- 
to living  fountains  of  waters."  Chap,  vii,  17. — "  A  pui-e  river  of  water  of 
life."  Chap,  xxii,  1.  The  Ijook  which  contains  an  account  of  the  relis'ion 
and  philosophy  of  the  Hindwjs,  is  named  anbektkk.m>,  signifying,  "  the 
cistern  of  llie  waters  of  life."* 

Inhabitants  of  temiKjrate  climates,  scldoi/i  or  never  exj>erience  that  ex- 
cruciating thirst  implied  in  such  expressions  as  "  the  soul  ]>anting  for  wa- 
ter;" nor  that  extremity  of  despair  when,  under  such  suH'ering,  the  exhaus- 
ted traveller  arrives  at  a  place  "  where  r.o  water  is."  Untfer  these  f'lT 
cum-otanccs,  tlie  orientals  have  often  been  compelled  to  slay  their  camels, 
for  the  sake  of  tte  water  they  might  find  in  their  stomachs;  and  a  sum 
exceeding  five  hundred  dollars,  has  been  given  for  a  single  draught  of  it. 

It  is  necessary  to  experience  something  like  this,  in  order  fully  to  com- 
prehend the  importance  of  the  Savior's  precept,  respecting  the  giving  "  a 
cup  of  cold  water,"  and  to  know  tlio  reaJ  value  of  inch  a  gift.  \\'e  should 
then  see  that  sources  of  tliis  liquid  are  to  the  orientals,  literally  "/ountaint 
of  life"  and  "  welU  of  lalvafion."  And  when  we  become  acquainted  with 
tlicir  methods  of  raixing  water,  we  shall  perceive  how  singularly  apposite 
ore  tliose  illustrations,  which  the  author  of  Ecclesiastes  has  drawn  from  '•  the 
pitcher  broken  at  tins  fountain;"  and  from  "  the  wheel  broken  at  the  cis- 
tern." Chap,  xii,  6. 


•SALic'i Koran, chdpt  55,7d,63.  ■■Koran, chapi.  14.22,37.  'Million ofFacu, p.  253 
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In  anemjwiiig  to  discover  the  on^n,  and  to  trace  the  protjress  of  the  art 
uf  niiHiiig  woifr,  we  mu5l  liavc  recourse  to  Asia,  tlie  hiithjtiiicc  ot'tl.o  artt 
•lul  M'lenrws:  fnini  whence,  ;is  tVoin  a  I'entre,  iJiev  huve  become  extended 
to  xV.u  ai-cumt(;reiice  of  tJie  euth.  It  Wiis  thrrr  the  originaJ  fiiinilios  oi' 
our  race  dwelt,  niid  the  inventive  faculties  of  man  wcrt;  first  developed.  It 
»H  froiu  llic  iiiK'ient  inliiiliitiiut.s  of  lh;it  routiiient  that  niudi  of  the  kuow- 
HiiT"'.  neiirljf  ,ill  llie  iiHs,  mid  not  a  ft:w  of  the  miichincs  wliich  we  jtossesi 
"m  this  d«y,  were  dt-riveil. 

TiiAt  miui  nt  the  first  iniitiUed  tlie  U)wer  animiils  in  quenching  h>»  thirst  14 
iLe  niiuiiag  streani,  there  ciin  he  no  douht.      It  wiis  n11tur.1l,  and   '  l 

"*Tu  so,  his  deseendiints  huve   always  been   fimiid,  wIumi  under  ■    i- 

rMnces.  ti>  follow  his  example.      Tlie  iiihuliitanis  of  New  i  I  •      m.I,  uud 
•    savages  ijuench  their  thirst   in   this  nmnticr,  (i.  e.  by   l4jr"  ^  <ii>«ii.) 
Tlie  Indians  of  Ciilifnrniu  were   observed   liy  Shelvock  in   '(i:»,  U)  pursue 
the  same  meliiod.     "  When  they  want  to  drink  iliey  si-^  'i>  tlie  river."* 

The  heathen  deities,  who  in  general  were  disliiignLshed  men  and  wo- 
men, tlial  were  idciized  after  death,  are  rejiresented  ua  ])i-aclising  tliis  and 
eimilar  primeval  custonu.  Thus  Ovid  describes  Latona  on  a  journey,  and 
languianiug  witli  tiiirsl.  she  arrives  at  a  brook, 

.\nil  hnulinf  un  tlie  brink 

S:o<rpn'  Hi  thi  frrsh  rrpast.  prcnun-d  10  drjiik. 

Out  was  liiudered  by  die  riilible  race.     Mr.tam.  vi.  500. 

W}»en  circ  iinsla.ices  rendered  it  difficult  to  reach  the  Iii|uid  witli  tlie 
tnoudi,  then  "  the  /lulluie  uf  thr  /mnd"  was  used  to  transfer  it. 

Gideon's   soldiers  pursued    both    modes  in  allaying  their  thirst  ;*  and  it 
I  the  pini'-ticc  of  the  last,  which  Diogenes  witnessed  in  a  boy  at  Athens, 
rhich  inuui-cd  rluit  pliilosopher  to  lliiow  away  his  jug,  as  an  imjilement  no 
Bnjrer  ncccss-fy. 
V  irgil  represents  Encat  practising  it : 

Tlie  II  walpr  in  bi.i  bollow  pnliii  he  look 
From  TylicrV  Hood.     En.  >iii.  It,").  Drjfilen. 

Atwi  Tumu-t,  in  the  absence  of  a  suitable  vessel,  made  libations  in  the 
Koe  way.     The  practice  was  common. 

As  by  the  brook  he  utood. 

lie  scooped  the  water  from  Uie  rliryMtiil  flood  : 
Then  wttii  hiM  hundif  tlie  drops  to  lie:iveii  he  throws. 
And  loads  Uie  powers  above  witli  otTered  vows. 

••  Ai  siinnsc,  the  Bramins  take  water  out  of  a  tank  widi  the  hollow  of  their 
llltd^  which  they  throw  sometimes  behind  and  sometimus  before  thera,  iri- 
oking  Urama."* 
Herotlotus,  descnbiiig  the  Nasamoncs,  an  ancient  pco|ile  of  northern 
Africa,  observes,  "  when  tliey  pledge  their  word,  they  drink  alternately 
"  om  each  other's  hands ;"  fb.  iv,  172.)  a  custom  still  retained  among  their 
escendants.  It  is,  according  to  Dr.  Shaw,  "  the  only  ceremony  that  ia 
used  by  tlie  Algcrines  in  their  marriages."  (Travels,  p.  303.) 

A  Hindoo,  says  Mr.  Ward,  "  drinks  out  of  a  brass  cup  or  takes  up  13- 
^lids  III  the  balls  of  his  hands."  (View  of  the  Himloos,  p.  130.)  This  mode 
M  drinking  may  appear  to  us  constrained  and  awkward  ;  but  in  worm  cli- 
niiUes,  the  flexibility  of  the  human  body,  and  custom,  make  the  jwHbrmoncn 
of  it  easy  and  not  iingniceful. 

"  I  drank  repentedly  iis  I  walked  along,  wherever  tlie  pebbles  at  tha 
bottom  gleamed  dearest — just  deep  enough  to  use  one's  hand  as  a  cup.' 


•Vov«j;e«  round  the  World,  ii,  231.  Lon.  1774      *  Judges,  fii,  5.  6. 
'Soiinerat,  Voyage  10  die  East  Indies  and  China,    i.  l(il.  Calcutta,  17fl9. 
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(Lord  r/mdsay's  Tmvcls,  letter  7,  Araliia.)     Another  BnLdi^li  traveller  no- 
ticed women  in  India  use  "  tiieir  hands  as  ladles  to  (ill  their  pitchers." 

Some  writers  suppose  that  Adain,  at  the  ueg^inning  of  his  existence,  was 
net  subji'ct  to  such  inconvenient  modes  of  supjilying  his  natural  wants. 
They  will  have  it,  that  he  possessed  the  knowledge  of  a  philosopher,  and 
was  c<]ually  expert  ns  a  modem  mechanic,  in  a]iplying  it  to  the  ])niclica1 
purposes  of  life.  It  need  scatxely  he  remarked,  tliat  tJiis  is  imaginary  :  we 
mijrht  ns  well  credit  the  visionary  tales  of  the  rahbis,  or  digest  the  e<|ually 
authentic  accounts  of  ^fah<)nle(lan  writers.  According  to  these,  Adiim  must 
liavc  Ijoen  a  hldihsmilh,  liir  ho  hronght  down  _/"/■««/  jKiradisc  with  him,  live 
ihinirs  made  of  iriin;  an  unril,  a.  jmir  oi  tnnsn,  two  hammcrx,  a  larire  and  & 
gmall  one,  and  a  nevdle!  Analogous  to  this  is  the  nlFirmation  of  the  .Scyth 
ians,  mentioned  hy  Herodotus,'  that  there  fell  from  heaven  into  the  Scythian 
district,  four  things  made  of  gold ;  a  jth)ugti,  a  ynhr,  an  axe,  and  a  _eohlet. 
The  ])alladiuni  of  Troy,  it  was  said,  also,  tell  down  from  heaven.  It  was 
a  small  statue  of  PalliLs,  holding  a  diftajf'  and  fjiiruUe.^ 

We  helieve  there  is  no  authority  in  tJie  liiliie,  either  for  the  «U]>oriority 
of  Adam's  knowledge,  or  of  the  Circumstances  in  which  he  was  placed  : 
on  the  contrary,  Moses  represents  him  and  his  immediate  deeren<fants,  in 
lliat  rude  stale,  in  which  all  the  original  and  distinct  triijes  of  men  have  liecn 
found  at  one  time  or  another;  living  on  the  spontaneous  pro<lnclions  of  the 
earth,  on  fruits  and  roots;  ignorant  of  the  existence  and  use  of  the  metals,  (and 
liiere  could  be  no  civilization  where  these  were  ^mKna\^^l;)  naked  and  in- 
sensible of  the  advantages  of  clotliiiig:  in  process  oi'  time,  using  .1  slight  co- 
vering of  leaves,  or  other  vegetable  productions,  and  subsequently  applying 
the  skins  of  animals  to  the  same  purpose  ;  then  constnirting  liul<  01  dwellings 
of  the  leaves  and  branches  of  trees;  attaining  the  knowledge  ol',  and  use  of 
fire  ;  and  tiiaking  slight  attr>mpts  to  cuitivfite  llie  earth  ;  for  slit'iit  indeed  they 
must  liiive  lieen,  in  the  infancy  of  the  human  race,  before  io.imal  powei 
was  applied  to  agricultural  labor,  or  the  implements  of  husbandry  wer" 
known.  Of  these  last,  rude  im[)lernents  formed  of  sticks,  rotghl  have  been, 
and  probalily  were  used,  a.s  they  have  bi'i'n  by  rude  people  in  all  ages. 
Virgil's  description  of  the  aborigines  of  Italy,  previous  to  the  reign  of 
Saturn,   is  merely  a  poetic  version  of  traditions  of  man  in  primeval  times: 

Nor  lows  tiiey  know,  nor  nianiiurs,  nor  the  care 
or  i.ili'riiig  oxen,  nor  tiie  utiinitig  nliiire.  (the  plough.) 
Nor  nrl«t  uC  gain,  nor  what  ihev  ffiiiitt*)!  (o  ^pare. 
Tlu'ir  exfreine  the  chase  :  thr  runnins  fitxtii 
Sap/tlifil  r/irir  Ihirsl :  Ihn!  Ireca  siip()lii*il  Ikcir  food. 
Then  ^jnliirn  Giiinc.     En.  viii,  4°.!U. 

Viti-uvius  says,"  In  ancient  times,  men,  like  wild  beasts,  lived  in  forests 
taves,  and  groves,  feeding  on  wild  food;  and  lliiit  they  acquired  llie  art  of 
producing  fire,  from  obser\'ing  it  evolved  from  the  branches  of  trees,  when 
violently  rubbed  against  each  oilier,  during  tempestuous  winds."" 

Simdar  traditions  of  their  ancestors  were  pres<.'rved  by  all  the  ancient 
nations,  and  some  of  their  religious  ceremonies  were  baseil  upon  them. 
Thus  at  the  Plynteria,  a  festival  of  the  Greeks  in  honor  of  Minerva,  it  was 
cu.stomarv  to  carry  in  the  procession  a  cluster  oi'  Jii!s,  which  intimated  the 
protTess  of  civilization  amonff  the  first  inhabitJints  of  the  eaitii,  as  Hirs  scrveil 
them  for  food,  after  they  had  acquired  a  disrel'«h  for  acorns.  The  Area 
dians  eat  ap|)les  till  the  Laccdeiuoniiiiis  warred  with  tliem.'' 

The  oak  was  revered  because  it  afforded  man  in  the  first  ages,  both  fooo 
and  dritik,   by  its  acorns  and  horieij,   (bees  fre(piently  making  their   hives 

*  ir,  5.     '' Th«e  ami  nliniiar  tmriiliuiis  of  nt^er  people,  indicate  tlic  atreme  antiquity 
of  llie  implcnienLi  nnrnviJ.  The  nncieiiu  were  m  igooruul  ortfieii  origin  aa  we  arc. 
'  ii,  1.    ^  I'lutorch  in  .Mcibiitdcs  ddU  Coriolaniu. 
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upon  It,)  and  from  this  circumstance  probably,  was  it  made  "  sacred  to  Jiipi* 
ler."     The  elder  Pliny,  in  the  proem  to  his   16th  ijook,  speaks  of  treef 
which  bear  mast,  which  says  he,  "  ministered  the  Jlrst  food  unto  our  fore 
fathers."     Thus  Ovid  in  his  description  of  the  golden  a^  :— 

The  teeming  earth,  ^et  ^iltless  or  the  plougli, 

And  unpruroked,  did  fruitfu!  slores  allow  : 

Content  with  food  which  nature  freely  hred, 

On  wilding*  nod  on  rlrswh^rrie^j  the)r  Ihd  ; 

Corneb  and  bramble  berrie*  give  Via  ruat, 

And  falltng  acoriu  furnished  out  tlie  foa:it.      Metam.  ii,  135. 

In  the  ancient  histories  of  the  Cliinesc,  it  is  recorded  of  tlieir  remote  an 
cestors,  that  they  were  entirely  naked  and  Uved  in  caves ;  their  food  wiW 
herl>s  and  fruits,  and  the  raw  flesh  of  animals ;  until  the  art  of  obtaining 
fire  by  the  rubbing'  of  two  st<cks  together  was  discovered,  and  husbandry 
introduced. 

There  are  jjersons  however,  who  suppose  it  dishonoring  the  Creator,  tt 
imagine  that  Adam,  the  immediate  work  of  his  liauds,  and  die  iutcllectua) 
and  moral  head  of  the  human  family,  should  at  any  period  of  his  existence 
have  been  destitute  of  many  of  those  resources  which  the  Indians  of  out 
continent,  and  other  savages  possess ;  although  it  is  evident,  that  some 
time  must  have  elapsed  before  he  could  realize,  (if  be  ever  did,)  all  the 
conveniences  which  even  they  enjoy. 

There  is  nothing  unreasonable  or  unscriptural  in  supposing  that  ail  tlie 
primitive  arts  originated  in  man's  immediate  wants,  indeed,  they  could 
not  have  been  introduced  in  any  otlier  way,  for  it  is  preposterous  to  sup 
pose  uie  Creator  would  direcdy  reveal  an  art  to  man,  the  utility  of  which 
he  could  not  perceive,  and  the  exercise  of  which  his  wants  did  not  re(]uire 

Nor  could  any  art  have  l)een  preserved  in  the  early  ages,  except  it  fur- 
nished conveniences  which  could  not  otherwise  bo  procured.  On  no 
other  consideration  could  the  early  inhabitants  of  the  world  have  been  in 
duced  to  practice  it.  But  when  success  attended  the  exercise  of  tlieir  in- 
genuity in  devising  means  to  supply  their  natural  and  artificial  wants,  the 
iimple  arts  would  be  gradually  introduced,  and  their  progress  and  ptrpo- 
tuity  secured  by  practice  and  by  that  alone. 

This  appears  to  have  been  the  opinion  of  the  ancients: 

Jove  willed  that  man,  by  long  erperienee  taiif;lit, 

Should  various  arts  invent  by  gradual  though.     Otvr.  i,  15fl 
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CHAPTER      III. 

OfticiN  or  Vr.sscu  for  .^ntrtiiiiu^  water — The  CaUbwh  the  firat  mm — ^Ii  hM  «]\.'a3ra  been  «eed— 
Foulii  liy  C«  lunjlMi^  in  tin  rabiii>  (if  Ami-'icaut — InhabitaJlU  uf  New  Zemlnnd,  Javk.  8uin»cra»  aad  at 
On  racitk  Ulan<l<  eiuploi  it— Princi|>al  verael  of  the  Africana — Curioua  ramark  of  Pliny  reapectiaf  H 
...Comiuon  amoni;  the  uncii'nt  M«;\iimii*,  Romin*  and  Egypiiana — Oflered  by  the  latter  people  on  their 
dtura — ^The  miMtcl  after  which  vu»»vls  of  cupiicity  were  originally  rormed — Ita  fif  ure  still  preserved  is 
MTeral — Ancient  American  voM'lr  L'oi>ii'il  rruni  it — Peruvian  boItlea—Gurfulcta— The  forio  of  the  Calft* 
baah  prevailed  in  the  vml^  ami  ;2»l)l«*t»  of  the  ancienta — Extract  Troni  Peraiua*  Satire*— Ancient  votaeli 
forhfatiuff  wairr  utiidcteil  :il\t;r  it — Pipkin — Sauce-pan — Anecdote  of  a  Roman  Dictator — The  coia 
mon  cant  iron  cauldron,  or  |rn-nt  nntiqiiity ;  limilar  in  shape  to  thoae  used  in  Egypt,  in  the  time  of  Ra- 
mesea  —Olleii  refcrroil  In  in  the  Hihir  iuid  in  the  Iliad—Grecian,  Soman,  Celtic,  Chineae,  and  PcruriaB 
eauldions — Kxperluew  of  Cliiursr  tinkers — Crcoas  and  the  Delphic  orMle — Uuirormity  in  the  Sfurc 
of  cauldrons — Cause  uf  tlii< — Suiieriurity  of  Iheir  fona  over  straight  aided  boilen— Brucn  cauldtou 
highly  prized — Waikr  Puts  of  tlie  Hindoos— Women  dnwiDf  water — Auecdute  of  Dariua  and  a 
roung  femnle  of  Sardis — Drxterity  of  orieulal  women  in  balancing  water  pota — Origin  of  the  Caaopna 
-^Ingenuity  and  fraud  uf  an  Egyptian  priest — Ecdeaiaatica]  deceptiona  in  the  middle  ogea. 

Water  being  equally  necessary  as  more  solid  food,  man  would  early  be 
impelled  by  his  apjvtite,  to  procure  it  in  lar<rer  quantities  tlian  were  re- 
quired to  allay  his  thirst  upon  a  single  occasion ;  and,  also  the  means  by 
which  he  might  convey  it  with  him,  in  his  wanderings,  and  to  his  family. 
It  is  not  improbable  that  this  was  the  first  of  man's  natural  wants  which 
required  the  exercise  of  his  inventive  faculties  to  supply.  The  luxuri 
ance  of  the  vegetable  region,  in  which  all  agree  that  he  was  placed,  fur- 
ni:>iicd  in  abundance  the  means  that  he  sought ;  and  which  his  natural  sa- 
gacity would  lead  him,  almost  instinctively,  to  a(lo|)t.  The  calabash  or 
60LRD,  was  probably  the  first  vessel  used  by  man  tor  collectiiigf  iind  con- 
taining water:  and  although  we  have  no  direct  proof  .if  this,  thei-e  is 
evidence,  (that  may  be  deomed  equally  conclusive,)  in  the  genei-ai  fiiot — 
that  man,  in  the  infancy  of  the  arts,  lihs  always,  .vl>"n  u.ijer  xiniUar  ctr 
cumitancoi,  adopted  the  same  means,  to  accoinplisli  ;;.*'  y,me  objects.  Of 
this,  proofs  innumerable,  might  be  adduced  from  the  history  of  the  old 
world,  particularly  with  regard  to  the  uses  and  application  of  natural 
productions;  and  when  at  the  close  of  the  fifteenth  century,  Columbus 
opened  the  way  to  a  new  world,  having  in  his  search  after  one  continent  dis- 
covered another  (of  which  neither  he,  nor  his  contemporaries  ever  dreamt, 
and  which  in  extent  exceeded  all  that  his  visions  ever  portrayed ;)  lie  found 
the  CALABASH  the  principal  vessel  in  use  among  the  inhabitants,  boUi  for 
containing  and  tran8))orting  water. 

The  calabashes  of  the  Indians,  (says  Washington  Irving,)  served  al 
the  puqjoses  of  glass  and  earthenware,  supplying  them  with  all  sorts  of  do 
mestic  utensils.  They  are  produced  on  stately  trees,  of  the  size  of  elnis.«  The 
New  Zealanders  possessed  no  other  vessel  for  holding  liquids ;  and  the 
same  remark  is  applicable  at  the  present  day  to  numerous  savage  tribes 
Osbcck,  in  his  Voyage  to  China,  remarks,  that  the  Javanese  sold  to  Eu- 
ropean ships,  among  other  necessaries,  "  bottles  of  gourds  filled  with  wu- 
ter,  as  it  is  made  up  for  their  own  use."'' 

When  Kotzebue  was  at  Owhyhee,  Tamaahmaah  the  king,  although  he 


>IrTiD)t'<  Coliim.  i,  105,  and  Penny  Mag.  for  1334,  p.  416     *i  150 
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possessed  elegant  European  table  utensils,  used  at  dinner,  a  gourd  contain- 
ing taro-dottgh,  into  wiiich  he  dipped  his  fingers,  and  conveyed  it  by 
them  to  his  mouth,  observing  to  the  Russian  navigator,  "  this  is  tie  cus- 
tom in  my  country  and  I  will  not  depart  from  h."*  This  conduct  oi  Ta- 
moahinaah,  resembled  that  of  Motezuma.  Solis  observes,  that  he  hai 
"cups  of  gold  and  salvers  of  the  same,"  but  that  he  somedmes  drank  out 
of  cocoas  and  natural  shells.'' 

When  Kotzcbue  revisited  the  Radack  Islands,  "he  carried  to  then: 
aeeds  of  gourds  for  valuable  vessels,"  as  well  as  others  of  which  the 
fruit  is  eaten.* 

"  There  is  a  gourd  more  esteemed  by  the  inhabitants  of  Johanna  fo» 
the  large  shell,  than  for  the  meat.  It  will  hold  a  pailful.  Its  figure  is 
like  a  man's  head,  and  therefore  called  a  calabash.""* 

The  pco]>le  of  Sumatra  drink  out  of  the  fruit  called  Mm,  resembling 
the  calabash  of  the  West  Indies :  a  hole  being  macle  in  the  side  of  the 
neck  and  another  one  at  the  top  for  vent.  In  <lrinking  they  generally 
hold  the  vessel  at  a  distance  above  their  mouths,  (like  the  ancient  Greeks 
and  Romans)  and  catch  the  stream  as  it  falls;  the  liquid  descending  to  tlie 
stomach  without  the  action  of  swallowing.* 

The  Japanese  have  a  tradition  that  the  first  man  owed  his  being  to  a 
calabash.'^ 

Capt.  Harris,  in  his  "  Wild  sports  of  Southern  Africa"  (chap,  xvii.)  in 
describing  the  residence  of  the  kmg  of  Kapaue,  observes,  "  the  furniture 
consisted  exclusively  of  calabashes  of  beer,  niiigcd  round  the  wall."  And 
again  in  chap,  xx  : — "  a  few  melons,  ratlicr  deserving  the  name  of  vegeta- 
bles, were  the  only  fruit  we  met  with  ;  and  these  I  presume  are  nurtured 
chiefly  for  the  gourd,  which  becomes  their  calabash  or  water  flagon." 

Clavigero  says,  "  the  drinking  vessels  of  the  ancient  Mexicans,  were 
made  of  a  fruit  similar  to  gourds."' 

For  such  purposes,  the  calabash  has  ever  been  used  wherever  it  was 
known,  and  will  continue  to  be  so,  as  long  as  it  grows  and  man  lives. 

The  elder  I'liiiy,  in  speaking  of  the  cultivation  of  gourds,  a  species  of 
which  were  uscil  as  food  by  the  Romans,  observes,  "  of  hitc  they  have 
been  used  in  baths  and  hot  houses  for  pots  atid  pitchers;"  but  he  adds, 
that  they  were  used  in  ancient  limes  to  contain  wine,  "  in  place  of  rund- 
Icls  and  barrels."  From  him  we  learn  that  the  ancients  liad  discovered 
the  means  of  controlling  their  forms  at  pleasure.  He  says,  long  gourds  are 
produced  from  seeds  taken  from  the  neck ;  while  those  from  the  middle 
produce  ronnd  or  xiihericid  ones,  and  those  from  the  sides,  bring  forth  such 
■J  are  thort  and  t/iirkfi 

Among  the  ofl'crings  which  the  Egyptians  placed  on  their  altars,  was 
the  gourd.  An  ntideninble  proof  of  its  value  in  their  estimation;  for  no- 
thinsi  was  ever  offeriid  by  the  ancients  to  their  gods,  wliich  was  not  highly 
esteemed  by  themselves.'  The  consecration  of  this  prlmcvid  vessel,  in 
common  with  otlier  objects  of  ancient  sacrifice,  doubtless  originated  in  its 
universal  use  in  the  early  ages;  and  most  likely  gave  rise  to  the  subse- 
iment  practice  of  dedicating  cups  and  goblets,  of  gold,  silver,  and  some 
times  of  precious  stones. 

As  the  gounl  or  cahibash  was  not  only  the  first  vessel  used  to  collect 
and  convey  water,  but  one  ap])arently  designed  by  the  Creator  for  these 
purposes,  a  figure  of  it  is  here  given. 

•  Voyage  Discov.  Lon.  I8il.  i,  313. and  ii,  Itt3.     •■  Conquest  Jfcxico,  I,on.  17-.J4.  iii,  83 
'iii.'l75.    <.\  New  Account  of  F;;iirt  India  und   Persia,  by   Dr.  Fryer.   l.oM.  16!H  17 

•  HardeiiV  Sunint.  (>l.    '  Xuiitiiniii' Japan.  275.    <  lliat.  of  Mexico.  Lon.  1837.  i.438 
^Nit.  IlUt  xi.x,  5.     '  Wilkinson  i.  27u. 


16 


Anetext  Vote*. 


[Book  I. 


This  interesting  production  of  nature  is  entitled  to  par- 
ticular notice,  because,  it  is,  in  all  probability,  tlie  original 
mtnlcl  of  the  earliest  artificial  vessels  of  capacity ;  the 
pattern  from  which  they  were  formed.  It  is  impossible 
to  glance  ut  the  figure  without  recognizing  its  striking  re- 
semblance to  our  jugs,  flasks,  jars,  demijohns,  &c.  In- 
deed when  man  first  began  to  make  vessels  of  clay,  he 
had  no  other  pattern  to  guide  him  in  their  formation  but 
this,  one  with  which  he  had  been  so  long  familiar,  and  the 
No.  1.  figfure  of  which  experience  had  taught  him  was  so  well 

adapted  to  his  wants.     Independent  of  other  advantages  of  this  form,  it 
is  the  host  io  impart  strength  to  fragile  materials. 

Tliut  the  long  necked  vases  of  the  ancients  were  modeled  after  it,  is 
obvious.  Many  of  them  ditfer  nothing  from  it  in  form,  except  in  the  ad- 
dition of  a  handle  and  base.  The  oldest  vessels  figured  in  the  Grande 
Description  of  Euypt,  by  the  Savans  of  France,  and  in  Mr.  Wilkinson's 
late  work  on  the  ancient  Egyptians,  are  fac-sirailcs  of  it.  The  same  remark 
applies  to  those  of  ••'o  Hindoos  and  Chinese. 


No.  2.    Ancient  Vue>. 

The  first  three  on  the  left  are  of  earthenware  from  Thel)es,  lurni 
Wilkinson's  second  volume,  p.  345,  354.  "  Golden  ewers"  of  a  similar 
form  were  vised  by  the  rich  Egyptians  for  containing  water,  to  wash  the 
tiands  and  foot  of  their  guests,  (page  202.)  The  next  is  Etruscan,  from 
the  "History  of  the  ancient  people  of  Italy."  Florence  1832.  Plate  82. 
The  adjoining  one  is  a  Chinese  vase,  from  "  Designs  of  Chinese  Build- 
ings, Furniture,"  &c.  Lon.  1757.  The  last  is  from  Egypt.  Similar  shaped 
vessels  of  the  Greeks,  Romans,  and  other  people  might  easily  be  pro- 
duced. See  Salt's  Voyage  to  Abyssinia,  page  408,  and  Grande  Deicrip' 
tioH,  E.  M.  Vol.  2.  Plates  I,  I,  and  F,  F.  In  the  Hamilton  Collection  of 
Vases,  examples  may  be  found.  In  the  splendid  volume  of  plates  to 
D'Agincourt's  Storia  Dell'  Arte,  the  figure  of  the  gourd  may  be  seen  to 
have  prevailed  in  artificial  vessels  in  the  fourth,  fifth,  and  up  to  the 
twelfth  centuries. 

Numerous  vessels  from  the  tombs  of  the  I.ncas,  are  identical  in  figure 
■with  the  calabash;  while  others,  retaining  its  general  feature,  have  the 
bellied  part  worked  into  resemblances  of  the  human  fare.  As  several 
old  Peruvian  bottles  exhibit  a  peculiar  and  useful  feature,  we  have  inserted 
(figure  3.)  a  representation  of  one,  in  the  possession  of  J.  R.  Chilton,  M.  D 
of  this  city.  An  opening  is  formed  in  the  inner  side  of  the  handle  which 
communicates  with  the  interior  of  the  vessel,  by  a  smaller  one  made 
through  the  side,  as  shown  in  the  section.  By  this  device  air  is  admit- 
>d,   and  a  ])erson  can  either  drink  from,  or  pour  out  the  contents,  with- 
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out  cxpcrienrin?  that  disua;rrealile  gnirg^Iing 
wJiicli  ncconi[)aiiies  the  em|Hviiig'  ol'  a  mcxJem 
bottle.  The  iipenings  nre  so  arraiiEfed  ng  to 
form  a  very  i/iriU  teliiitlc — by  blowing  into  tlio 
tnnuth  of  the  vessel^  a  soiinil  is  produced, 
,ei|ual  to  that  from  a  boatswain's  call  on 
board  a  man  of  war. 
-  The»e  vessels  have  been  noticed  V'y  most 

l_ J^  travelers  in  South  America.     They  arc  some- 

times found  double — two  being  connected  at 
the  bottom  with  only  one  discharijing  orifice. 
&)me  are  of  silver.  Frezier,  among  others,  gives  a  fitnire  of  one  resc-nililing 
two  Efoiiriis  united.  It  "  consists  of  two  botti  ;3  joined  tosjether,  each  about 
six  inches  high,  having  a  hole  (tube)  of  communicAtinn  at  tiie  bottom.  One 
of  them  is  open,  ar.d  the  other  has  on  its  orifice  a  little  animal,  like  a  mon- 
key, eating  a  cod  of  some  sort ;  under  which  is  a  hole  which  makes  a  whist- 
ling when  water  is  poured  out  of  tlie  mouth  of  the  other  bottle,  or  when 
that  within  is  but  shaken  ;  ber^inse  the  air  being  pressed  along  the  snrliico 
of  both  bottles,  is  forced  out  at  that  little  hole  in  a  violent  manner."* 

These  whistles  are  so  constructed,  as  to  play  either  when  the  air  is 
tlraim  in  through  them,  nr  Jtuxed  out  Perhaps  the  water  organs  of  tho 
ancients,  were  nri^i-nalhj  little  more  than  on  assemblage  of  similar  vessels. 
M.  Frfzier  thought  the  smallest  of  these  bottles  were  designed  expressly 
to  produce  music  ;  if  so,  they  arc  (we  suppose)  the  only  water  instni 
mrnts  extant.^ 

The  larsrc  eartheti  vessels  tised  by  the  water  carriers  of  IMexico,  strict- 
ly rt?semble  the  trourd.     Saturday  Mag.  vol.  vi,  12S. 

Tbe"gurgulets"  of  the  Persians,  Hindoos,  and  Egyptians  of  the  present 
day,  are  radier  l.-irger,  but  of  the  same  shape  as  the  Florence  flask,  i.  e 
of  the  gourd.  They  are  formed  "  of  a  porous  earth,  and  are  so  called, 
from  the  sotind  made  when  water  is  poured  out  of  them  to  be  drunk,  as 


•  A  Vovagf  to  the  .South  8ca.  Sir.  in  1712,  '13,  '14.  Lon.  1717.  274. 
'The  followiiiff  utmct  from  a  latv  n>:\V!<|inper  affoidH  additional  information  renpect 
ing  the«e  ic***!!"  in  rpinoir  a2f»: 

•'  7V  fennan  Pomprii. — We  rpcpntly  snvr  n  dew-riplion  of  an  ancient  unhterrancaa 
citT.  dp^iTovpd  tiv  an  unrtlKinnkc.  or  some  olher  iiidtlrn  couvtiNion  of  nnliire,  Inlf  ly 
dJ*rovrri>d  near  tfie  port  cf  (■iinnney.  m  Tnixillo,  on  the  ntanX  of  IVrii.  The  only  ac 
roiinl  or  it  which  appears  lo  have  n.')  yet  been  received  in  i!:n  I'niled  .'^liileH.  was  brought 
hr  (:«[>I.  R.iy  of  Naiiliiekel.  who  a  few  weeltn  since  titiiniod  from  Itie  South  Seas  in 
iJh>  «liip  Loenn.  iitid  who,  bavin;  visited  (he  i^pot  wbiUt  the  inhabitanl-s  of  (Jiiariney 
"  "ill):  ibe  buried  «lrecii  and  liiiililiiiB^,  oblniiied  -cvrral  interesliiic  relic*  of 

1'  It  unkiiiiwii  popcilMtion.     The  I'orllaiid  I  Irion  describe-  wine  of  thc.Hi.,  of 

"  '  not  find  any  mention  in  ibe  Nantucket  Impiircr  from  wbrmi   we  deriveil 

our  toTmer  iuloniialion.  and  they  arc  of  a  characior  which  may  po««iblv  atTord  ibe  dili- 
irenl  tiniii|iiary  some  cbie  to  the  age  and  origin  of  Ihe  peonh-  to  whom  thev  belongeil. 
TTier  are  two  grole.«i|uely  nbapcd  earthen  vcxwIh,  aomewhiil  rudely  vel  iiigeniotfilv 
coostnicteil,  of  a  ?petii-i'  of  clav,  colored  or  burnt  nearly  black.  (Jne  of  ibew,  wliirli 
i«e.ip«ble  of  iKildinc  nlmtil  a  pint,  it  shaped  somewhat  like  a  iiiiail,  wilb  a  iipoul  Iwo 
inelie*  long,  riling  from  tlie  centre  of  tlie  back,  from  which  also  u  liandlo  exlenda  to 
the  iide. 

The  other  ic  a  double  vc.oel.  connected  at  the  centre,  and  alw  at  the  lop,  by  a  bnndla 
n<achiiiff  from  the  •pool  or  nor-zle  of  one  ve.«el  to  the  up|ier  purl  of  the  other — the  lat- 
1'  -■  perforated  but  wrouehl  into  the  hkene/M  of  a   very  uM|irepn«ew4iug  bit- 

I'  nice.     .At  Ibe  buck  of  what  may  be  considered  the  bead  of  Uii*  face,  is  a 

»-:  .    ■■  contrive!  that  on  blowing   inio  the  inoiith  of  the  vessel  a  ?hrill  note   u 

proiliiceil.  aiinilar  to  that  of  a  boalswain'o  call,  From  the  activity  with  wliieb  the  ciea- 
tiiioiK  were  proceeding  wlicn  Capl.  Kay  left  ihe  place,  it  may  be  boned  ibal  di-KSOVfr 
Jim  ariU  Im  luatle  wliicii  will  greatly  arid  to  tlie  Bntiqiiariaa  liisibry  of  lliii  coiuiuenL" 
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the  Indians  do  without  touching  it  with  their  lips."*  The  bottles  of  the 
Negroes  of  Africa,  are  made  of  woven  grass  of  the  same  shape.  Earth- 
en gnrgiilcts  for  cooling  liquids  are  made  in  this  city. 

'Ihe  fijourd  was  not  merely  imitated  by  primitive  potters  and  braziers, 
but  when  the  arts  were  at  their  zenith,  its  hgura  predominated  in  the  most 
elai)oratc  of  vases.  The  preceding  remarks  s'low,  that  (he  forms  of  many 
of  our  ordinary  vessels  of  capacity,  did  not  originate  in  caprice  or  by 
chance,  but  are  derived  from  nature ;  that  the  pattern  which  man  has  co- 
pied, was  furnished  him  by  his  Maker ;  and  that  with  all  his  ingenuity, 
ne  has  never  been  able  to  supersede  it.  Persius  in  his  third  Satire,  al- 
ludes to  the  transition  from  primitive  earthenware  and  brazen  vessels  to 
tliose  which  luxury  had  introduced  in  his  days : 

Now  gold  hath  banishetl  Numa's  simple  vase. 

And  tlie  plain  braiis  of  Saturn's  frugal  days. — 

Noiv  do  we  see  to  precious  goblets  turu, 

The  Tuscan  pitcher,  and  tlie  vestal  uru.    Dmmmond.  105. 


VESSELS    FOR    HEATINO    WATER. 

Although  not  strictly  connected  with  the  subject,  ^/ro  may  observe 
tluit  the  gourtl  is  probably  the  original  vessel  for  heating  water,  '•ooking, 
!fc.  In  these  and  other  applicatinns,  the  neck  is  sometimes  used  as  a 
handle,  and  an  opening  made  into  the  body  by  removing  a  portion  of  it, 
(see  ilhislration  No.  4,)  its  exterior  being  kept  moistened  by  water  while 
on  the  Hre,  as  still  practised  by  some  peojile,  while  others  apply  a  coating 
of  clay  to  protect  it  from  the  effects  of  flame. 

In  some  parts  where  the  calabash  or  gourd  is  not  cultivated,  cocoa  shells 
are  used  in  the  same  manner.  Kotzebue  fr)uud  tlie  lladack  Islandera 
thus  htNiting  li(|uids.  "  On  my  return,  I  fell  in  with  a  company  sitting 
round  a  fire  and  boiling  something  in  cocoa  shells.'"''  A  prnnitivc  Su- 
miitriin  vessel  for  boiling  rice  is  llie  bamboo,  which  is  still  used — by  the 
time  the  rice  is  dressed,  the  vessel  is  nearly  destroyed  by  the  fire.*  Wlien 
in  process  of  time,  vess(>ls  for  heating  water  were  fbrniod  wholly  of  clay, 
thi'y  were  fashioned  after  the  gourd.  Figures  of  ancient  saucepans  both 
of  metal  and  fictile  ware,  greatly  resemble  it,  and  so  do  some  of  those  of 
modern  times.     The  common  earthenware  pipkin  is  an  example. 

This  useful  implement  has  come  down  from  very  remote  ages,  and 
apparently  with  slight  alteration  in  its  figure.  (See  figure  in  No.  4.)  In 
some  parts  of  P^urojie,  its  form  approaches  still  nearer  to  that  of  the  gourd. 

It  is  used  over  all  the  eastern 
world.  Dam[)ier  observed  in 
Tonijuin,  "  women  sitting  in  the 
streets  with  a  pipkin,  over  a  small 
fire  full  of  chau,"  or  tea,  which 
they  thus  prepared  and  sold.* 
Fosi)roke  enumerating  the  house- 
hold utensils  represented  in 
Egyptian  sculptures,  remarks, 
"  we  meet  too  with  vessels  of 
No.  4.   Gourd,  Cauldron,  sod  Pipkin.  the  precise  form  of  modern  sauce 

pans."*  An  interesting  circum 
stance  is  recorded  in  Roman  history  in  connection  with  one  of  these 
ressels.     Marcus  Curius  Dentatus,   who  was  three  times  Consul,  was  a« 


•Fryer'8  India  and  Persia,  p.  47. 

I"  Vo'ynre  Discov.  ii,  10f>,  and  iii.  152,  and  Fryer's  India,  7. 

'  ManJnu'f  Sumatra,  60.    *  Dainpier's  Voyage.  Lou.  17«).  ii,  31     •  For.  Topog.  W 
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rrnrorftahle  for  his  friiiriility  a«  his   patriotisin,     Durin?  the   in.e  lliil  lio 
swaveil  the  drstiiiics  nf  his  country,  the  omliassadors  nf  ihc  Sumniifs  vi-     y 
fitrj  him  at  his  cottasrc,  niiil  fouml  him    boiling  vcgctahlos  in  an  cartlii'n^  , 
pot  or  pipkin  ;  they  nltompted  to  Jirihe  him  with  laro;e  prfscnis ;  In:'    '  ■ 
chnractcruliciilly  n:![>lie<l,  "  1  prefer  my  earthen  pots  to  nil  your  vi 
of  go  111  and  oC  silver."     To  this  J  uvennJ   nllmjes,  when   conjrasluijj   uie 
(fugllllV~6r  Il<rmer  rhnes  with  the  luxury  of  his  contemporaries  ; 

When  with  the  hprh*:*  h*'  palhrn'fl.  CrKius  Htood 

And  M-ptiu'il  hm  jiottiitEM  o'i'r  tlit;  Hiiinmg  wuutl ; 

Thut  5itit|ilf  iiitfM,  an  ulii  DictiilurV  treal. 

The  liighwiiy  liihorer  iiuw  » iiiild  !«>rn  to  eat     Sat.  x\,  i(ta. 

The  rominon  cast  iron  Miial  keltic  or  cadldron,  furnishes  another 
pr>»of  of  llie  forms  of  culinary  vessels  having  undergone  little  or  n^ 
change,  while  passing  through  so  many  ages :  its  shape  is  precisely  the 
i^tnc  as  that  of  the  SITULA  or  pot,  sculptured  on  the  ohelii^k  of  Heliopolis, 
(S.-C  its  figure  in  No.  4,  and  Dr.  .Shaw's  Travels.  402,  413.)  Others 
with  ears  and  feet,  are  delineated  in  the  Thehan  sculptures.  In  the  tomb 
of  Ramescs  the  Third,  is  a  graphic  representation  of  an  Egyj'tian  kitchen, 
shownng  the  iirocesi;es  of  slaying  the  animals — cutting  tlie  joints — pre- 
paring ineredients  for  seascitung — boiling  the  meat — stirruig  the  fire- 
Miuiimi;  and  haking  hread,  &e.  &c.  The  cauldrons  of  various  siz(vs  are 
similar  in  shape  to  ours.  Wilkinson's  An.  Egyp.  ii,  351,  383,  3S.'>.  There 
is  reason  to  believe  that  boilers  of  this  form  were  comtnon  to  all  the  na- 
tions of  the  aiicietit  world  ;  thai  the  '  pottage  '  hy  which  .lacnb  defrauded 
Esau  of  his  hjrtlirighl ;  and  the  '  savoury  meat,'  which  Rebecca  cooked 
fur  Isiiac,  were  prepared  in  lliem.  To  one  of  these,  Job  referred  ;  "  oi^ 
of  his  nostrils  gneth  smoke,  as  out  of  a  seething  pt)t  or  cauldron."  xli,  20. 
And  Elisha  al<o.  when  he  said  to  his  servant.  "  Set  on  the  great  jiol,  and 
«<><mIi<'  pottni.'e  for  the  sons  of  the  prophets."  2  Kings,  iv,  38.  It  is  often 
(neiitioiicd  bv  Homer,  in  whose  writings  it  forms  a  conspicuous  olyect: 

And  «0(>n  Uic  tlaiiic«  encompassing  around  iln  amnU  Mty. 

Iliaii.  xviil,  4"J7.     Cooper 

Such  were  ihe  boilers  of  Argos,  (respecting  which  arose  the  saying,  "a 
coal:  from  Eli*— fl  cnu/ilron  tiom  Argos — taprntri/  from  Corinlh.  &c.)  and 
of  the  Spartans,  in  which  they  prepared  their  famous  '  black  broth.'  A 
6snre  of  a  Roman  cauldron,  in  which  the  priests  boiled  their  portion  of 
the  sacrifice,  is  given  by  Misson,  in  the  first  volume  of  his  Travels,  plalo  4. 
It  his  a  bail,  three  stmls  or  feet,  and  is  of  a  spherical  shape  resembling 
ours,  but  ornamented  with  figures  round  its  sides. 

Till'  same  shaped  boilers  were  common  among  the  Gauls,  who  probably 
derived  the  knowledge  of  makiivg  them  from  the  Phenicians.  Tin;,  art 
of  Ihimitii;  culinary  vessels,  which  they  arc  said  to  have  invented.  (Pliny, 
X«L  Hist,  xxxiv,  17,)  was  most  likirly  obtained  from  the  same  source.* 
The  Celtiberi  arc  saiil  to  have  been  expert  workers  of  iron.  Their 
••  rnnst  Rnrieiit  iron  pot,"  had  ears  and  feel,  and  was  shaped  like  those  of 
t  Tiis.      (See  its  fiipire  in  'Scottish  Gael.'  p.  31G.      The  cast   iron 

r:  if  the  Chinese  are  also  examples.      These  are  made  vi>rv  thin; 

and  what  is  singular,  their  mechanics  have  the  art  of  soldering  them  when 
crarked.  with  portions  of  the  same  meial,  by  means  of  a  blow-pipi'  and 
»mmll  furnaee.*     They  are  the  principal  article  of  furniture  in  tlie  dwell- 


•  Pititarrh.  »nyn  llvv  were  iHrnipt. 

>  Phnr.  h.  x\\,  I.  %nys.  the  tiiiiilii  were  fiT*i  iiidnred  to  invade  Rome,  hy  one  of  tneii 
roiiiiiniitvii.  ■  ttnilh.  who  hnd  loiig  workcil  in  thul  city.  lie  curried  hoiiic.  lijZH.  raii<iiis, 
oil  iin-i  wine,  which  ••  *p\  the  ti-rtli  of  hi«  coiinlrymen    watering.''     Hailnml't  Tran$. 

'"  Ouring  our 'hort  «tay  <hi»  iiioniin;  in  the  village  of  f'lmJiO'm,   I  ha-J  nn  nppor 
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ings  of  the  poor.  The  kelties  of  tlie  Chinese  says  Mr.  Bell,  (who  lodged 
otio  day  In  a  cook's  house  near  Pekin,)  "  are  indeed  very  thin,  and  iniide 
of  cast  iron,  being  extremely  smooth  both  within  and  without."  Fuel  is 
«c»rce  and  they  used  bellows  to  heat  them.*  These  we  have  no  reason  to 
^appose  have  undergone  any  change  from  the  remotest  times,  and  they 
are  in  all  i>robaI)ilily  of  the  same  ibrm  as  the  celebrated  cauldrons  of  an- 
tiquity. That  those  of  the  Scythians,  the  ancient  Tartars  and  Chinese, 
were  similar  to  those  of  the  Greeks,  is  asserted  by  Herodotus.  "  Aj 
Scythia  is  barren  of  wood,  they  have  the  following  contrivance  to  dress 
the  flesh  of  the  victim  :  having  flayed  the  animal,  they  strip  the  flesh 
from  the  bones;  and  if  they  have  them  at  hand,  they  throw  it  into  certain 
jiots  made  in  Scythia,  and  reskmijlino  the  lesbian  cauldrons,  though 
somewhat  larger."     Herod,  iv,  61. 

The  boilers  of  the  ancient  Mexicans  and  Peruvians,  had  the  same  ge- 
nerdWbrm.  Sec  plate  31  of  Frezier's  Voyage  to  the  South  Sea,  in  1712, 
'1.3,  '11.  As  these  people  had  not  tlie  use  of  iron,  their  vessels  were  of 
earthenware,  copper  and  its  alloys,  silver,  and  even  of  gold.  In  the  temple 
pie  at  Cusco,  "  were  boyling  pots  ami  other  vessels  of  gold."  Two  enor- 
mous cauldrons  were  carried  by  the  con<]uerors  to  S[>ain,  "  each  suHlcient 
wherein  to  boyle  a  cow."  (Purchas'  Pilgrimage,  1061,  and  1073.)  The 
negroes  of  Alrica,  made  theirs  of  the  same  shape.  (Genenile  Histoire, 
torn,  v,  Planche  88.)  Large  cauldrons  were  common  of  old  ;  they  are 
frequently  mentioned  by  Honutr,  Herodotus,  &c.  and  in  the  Bible.  Slaho- 
met,  in  the  34th  chapter  of  the  Koran,  speaks  of  large;  cauldrons  be- 
longing to  David.  Some  of  those  represented  at  Thebes,  appear  suf- 
ficiently capacious  to  contain  the  cooks  that  attend  them.  Crtesus  boiled 
together  a  tortoise  and  a  lamb  in  a  large  brasen  cauldron,  which  had  a 
cuver  of  the  same  metal ;  hence  the  reply  of  the  Delphic  oracle,  to  the 
demand  of  his  ambassadors  to  be  informed  what  Croesus  was  at  that  mo- 
ment doing : 

E'en  now  tlie  odors  to  my  sense  tliat  rise 
A  tortoise  lioiliiig  with  ;i  laiub  supplies, 
Where  brass  l»elo\v,  and  brass  iibove  it  lies.      Herod,  i,  47. 

The  question  naturally  arises — why  such  uniformity  in  the  figure  of  this 
utensil  1  and  what  has  induced  piHipIe  in  distant  times  and  countries  to 
make  it  resemble  a  j)ortion  of  a  hollow  sphei-e  or  spheroid,  instead  of 
forming  it  with  j)lane  sides  and  botti>m  ?  It  is  clear  there  was  some  con- 
trolling reason  for  this— else  why  shoidd  the  iitncifiil  Greek  and  lioman 
artists,  have  permitted  it  to  retain  its  primitive  form,  while  all  other  house- 
hold implements,  as  lainj)s,  vases,  drinking  vessels,  and  tripods,  &c.  were 
moulded  by  them  into  endless  shapes  Brasen  cauldrons  we  know  were 
highly  prized.  They  were  sometimes  polished,  and  their  sides  richly  or- 
namented, but  still  their  general  form  was  the  same  as  those  of  more  an- 
cient p<;ople.  In  this  respect,  both  Greeks  and  Komans  left  them  as  they 
found  them.  The  reason  is  obvious.  When  a  liquid  is  heated  in  a  cy- 
lindrical or  other  vessel  having  peqiendicular  sides,  it  easily  '  hoiU  over ;' 
but  when  the  sides  incline  inwards  at  the  top,  as  in  these  cauldrons  ;  it 
cannot  well  be  thrown  out  by  ebullition  alone ;  for  the  heated  waves  as  they 

tunity  of  »ecins;  a  tinker  execute  whiit  I  believe  is  tuiknown  in  Enropi>.  lie  mended 
and  soldered  rryiii!!-|)niis  of  cast  iron,  that  were  crackrd  and  full  of  holes,  and  restored 
them  to  their  primitive  state,  so  that  they  became  a.s  serviceable  as  ever.  He  even  A»ok 
•o  little  pains  to  etfect  this,  and  succeeded  so  speedily,  as  to  e.tcite  my  astoniilimpnt." 
Van  Braain's  Journal  of  the  Dutch  embassy  to  China,  ]7!>4— 6.  Lon.  171k).  ii,  7cj.  and 


Chinese  Uegository,  Canton.  XSH.  iv,  38. 
'Travels  iioiu  I'elenburgh  to  diverse  pi 
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ri»e  are  directed  towards  the  centre,  wliere  their  force  is  expended  ag»!nsl 
each  other.  Dyers,  brewers,  distillers,  &c.  are  well  aware  ol'  this  fact. 
The  remote  ancients  had  therefore  observed  the  inefTic-ioncy  of  straight 
sided  boilers,  and  a])plied  a  simple  and  beautiful  remedy ;  one  whch  was 
possibly  suggested  by  the  previous  use  of  natural  vessels,  as  the  gourd, 
Ace.  This  is  no  mean  proof  of  their  sagacity,  and  of  the  early  progress  of 
the  arts  of  founding  and  moulding.  From  the  extreme  anti<|uity  of  these 
cauldrons,  it  is  not  improbable  that  their  form  is  similar  to.the  pattern, 
which  Tubai-Cain  himself  used,  and  which  he  taught  his  pupils  to  imitate 
Similar  vesseLs  are  found  in  the  workshops  of  Vulcan.  Siie  plate  20, 
Painting,  in  D'Agincourt's  Storia  DeirArle,  Prato,  1S27.  Brasen  caul- 
drons were  formerly  considered  suitalile  presents  for  kings — rewards  of 
valor — prizes  in  the  games,  &c.  Of  the  gifts  offered  by  Agamcmooi!  to 
to  appease  the  wrath  of  AcliiHes,  were — 

Seven  tripods,  never  sallied  yet  by  fire ; 

Of  gold,  teu  talents;  TNi-STt  cauli>koxs  lirignt.'' 

Iliad,  ix,  150.     Coitptr. 

They  were  among  the  goods  which  Priam  took  to  redeem  the  body  of 

Hector. 

He  alju>  took  ten  tiilents  forlli  of  gold. 

All  weighed;  two  ttpleiidid  tripoils;  caui.i>ro:<s  Pour; 

Ajid  aiXer  these  a  cup  of  iiiiitchlesis  worth.     lb.  xxiv.  :i!!)4. 

The  prizes  at  the  funeral  games  on  the  death  of  Patrocles,  were— 

'  Capacious  cauluroks,  tripods  bright.' 

In  the  17th  century,  they  wore  considered  suitable  presents  to  a  Persian 
Emir — "  At  length  he  came,  and  was  prtjseiited  by  the  caravan-Uaslii 
witli  a  piece  of  satin,  half  a  piece  of  scarlet  clotli,  and  two  large  copper 
cauldrons."     Tavernier's  Trav.  Lon.  J67S.  61. 

These  unobtrusive  vessels  are  now  used  witliout  exciting  a  thoufrht  of 
their  worth,  or  of  the  ingenuity  of  those  to  whiim  we  are  indebted  for 
tlu'in ;  althou;jh  they  have  contributed  inriiiilely  inort-  to  the  real  comfort 
and  innocent  gratlHcntion  of  man,  than  all  the  splendid  vasks  that  were 
ever  made.  These  have  always  had  their  admirers  and  historians.  Vo- 
lumes embellished  with  costly  illustrations,  have  been  written  on  their 
forms,  materials,  ages  and  authors ;  but  no  modern  Hamilton,  has  entered 
the  kitchen  to  record  and  illusfnite  the  origin,  improvement,  modifications 
and  various  uses  of  the  cauldron.  This  vessel,  like  a  despised  but  ne- 
cessary attendant,  has  been  the  insej>arable  companion  of  man  in  his  pro- 
gress from  barbarism  to  refinement,  and  has  ailininistercd  to  liis  necessi- 
ties at  every  statje:  yet  it  has  ever  been  disregarded,  while  literary  ruisi- 
nifrx  have  expatiated  in  numerous  treiirises  on  the  virtues  of  meats  pre- 
pared in  it.  Endless  are  the  essays  on  sauces,  but  the  history  of  the  more 
useful  sauce-pan  is  yet  to  be  written.  An  account  of  this  vessel  and  of 
the  caulilron,  wotild  place  in  a  very  novel  and  instructive  light,  the  do 
mcstic  manners  of  the  world  ;  and  an  examination  of  the  various  modes 
of  htaling  the  latter,  would  bring  to  view  many  excellent  devices  for 
economizing  fuel.' 

Vases  used  by  oriental  women  to  convey  water  from  public  wells  and 
iiiuntains  for  domestic  purposes,  are  often  referred  to,  by  sacred  and  pro- 
fane authors.     Figure   No.  5,  represents  a  female  of  Hindostan,  bearing 

•.Sc«  the  ancient  Peruvian  fiimtice  in  Frezior's  Voy,ige  to  tlie  South  Seas,  by  whicn 
thrrr.  c>iiildrons  were  heated  by  a  very  iiiaull  pot  of  luiu.t's  dung,  or  of  the  pliu  t  itho 
wtiicu  vtere  used  for  waiu  of  otiier  Itiel. 
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on< ,  the  shp.pc  of  which,  closely  rescmole»  tlio 
gourd  wilh  tlic  neck  removed.  This  is  their  ge- 
neral i'onii  thruu^rhout  the  cast.  'J'he  Hindoos, 
have  them  ol"co|>i>er  or  brass,  as  well  as  ot'c;irth- 
eiiwarc,  hut  they  arc  all  shaped  alike.  This  is 
not  a  little  singular,  l>ecau.<e  a  deiiatiori  Iroui  a 
globular  to  a  cylindrical  form,  would  enable  theii 
meciiuiiics  to  make  those  of  mvlal  at  much  '  less 
ex|)cnse.  They  therefore  adhere  to  the  pri- 
mitive model,  because  of  its  superiority  over 
others,  or  fnnn  that  adhesion  to  ancient  cu^loul3 
J  which  forms  so  prominent  a  featui-e  in  Asiatic 
character.  In  the  early  ages  it  was  the  univer- 
sal custom  for  yi>ung  women  to  di-aw  water. 
The  daughters  of  princes  and  chief  men,  were 
r»ot  exempt  from  it.  Isis  and  Osiris  are  sometiiin's  represented  with  wa- 
ter vessels  on  their  heads.  There  are  several  intori.'sting  examples  in  the 
Old  Tejitament.  Homer,  as  might  be  expected,  fre(pieiitly  introduces  fe- 
males thus  occupied.     When  Jvbstor  entertained  Tclemachus,  he  bade 

The  liandiiiaidk  for  llie  rejwt  prepare. 

The  svatu  to  range,  ihv  fragrant  vvuod  to  brill*;. 

And  limpid  waters  fi-oiu  tlie  living  spring.     0(/jf«.  iii,  544.  Papt. 

And  again  at  Ithaca ; 

With  duteous  haste  a  bevy  fair, 

Of  twenty  virgins  to  tlie  spring  repair: 

•  «  *  »  *  • 

Soon  from  tlie  fount.  wItJi  each  a  briiiMiiing  urn, 

(I'.iiiiia'us  in  tlivir  train)  tliu  maids  return,     lb.  xx,  lt)3  ami  t2IKi 

Fountains  and  wells  l>ecamo  the  ordinary  places  of  assembly  for  young 
i>eopie— esjiecially,  "at  the  time  of  the  evening,  the  time  that  women  go 
out  to  draw  water."  Gen.  \xiv,  11.  Several  of  the  Patriarchs  first  be- 
held their  future  wives  on  these  occasions  ;  and  were  doubtless  as  much 
captivated  by  their  imlustry  and  benevoli;nt  dispositions  in  relieving  the 
wants  of  strangers  and  travelers,  as  by  their  personal  charms.     It  wiis 

Beside  a  clirystol  spring — 

that  Ulysses  met  the  daughter  of  Aiitiphates.  Trsivelers  have  often  no- 
ticed the  singular  tact  with  which  Asiatic  women  balance  several  of  these 
•vater  pots  on  their  heads  without  once  touching  thein  with  their  hands. 
"  The  finest  dames  of  the  Gontoos  disdained  not  to  carry  water  on  their 
heads,  with  sometimes  Uco  or  three,  earthen  pots  over  one  iinotlu:r,  for  house- 
hold service  ;  the  like  do  all  the  women  of  the  Gentiles."  Fryer's  Trav. 
117.  At  one  of  their  religious  festivals,  Hindoo  women,  "  have  a  custom 
of  dancing  with  several  pots  of  water  on  their  heads,  placed  one  above 
another."     Sonneral,  i,  1.50. 

A  very  pleasing  instance  of  female  dexterity  in  carrying  water,  is  re 
corded  by  Herodotus,  v,  12.  As  Darius,  king  of  Persia,  was  sittin?  pub- 
licly in  one  of  the  streets  of  Sardis,  he  observed  a  young  woman  of  great 
elesrancc  and  beauty,  bearing  a  vessel  on  her  head,  leading  a  horse  by  ^ 
bridle  fastened  round  her  arm,  and  at  the  same  time  spinning  some  thread. 
Darius  viewed  her  as  she  passed,  with  attentive  curiosity,  observin-r  that 
her  employments  were  not  those  of  a  Persian,  Lydian,  nor  indeed  of  any 
Asiatic  female  ;  prompted  by  what  he  had  seen,  he  sent  some  of  his  at 
tendants  to  observe  what  she  did  with  the  horse.  They  accordingly  foi 
•nwed  her — When  she  came  to  the  river,  she  gave  llie  horse  some  watei 
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and  then  filled  lier  pitclier :  having  done  this,  she  returned  by  the  wkj 
she  came,  witli  the  pitclier  of  water  on  her  head,  the  horse  fastened  by  a 
bridle  to  her  arm,  and  as  before,  employed  in  spinning. 

Industrious  lal)or  is  an  ornament  to  every  young  woman — inileed  nei- 
ther the  symmetry  of  her  person,  nor  the  vigor  of  her  mind,  cun  be  per- 
fectly developed  without  it.  The  fine  I'onns  and  glowing  health  of  tlio 
women  of  old,  ^ve^e  chieHy  owing  to  their  temperate  modes  of  living, 
their  industrious  habits,  and  the  exercise  they  took  in  the  open  air. 

A  circumst<.nce  recorded  in  the  history  of  the  Egyptians, 
accounts  for  the  peculiar  i'orm  of  one  of  their  lavorite  ves- 
sels, the  Canopus;  the  annexed  figure  ol"  which,  is  taken 
from  the  '  History  of  the  ancient  people  of  Italy,'  plate  27. 
It  was  named  alter  one  of  their  deities,  who  became  fa- 
mous on  account  of  a  victory  which  lie  obtained  over 
the  Chaldean  deity.  Fire; — the  story  of  which  exhibits 
no  small  degree  of  ingenuity  in  a  priest,  and  it  alibrds  a 
fair  specimen  of  the  miracles  by  which  people  v/ere  de- 
luded in  remote  times.  The  Chaldeans  boasted,  as  they 
justly  might,  of  the  unlimited  power  of  their  god,  and 
No.  6.  A  Canopuf.  they  Carried  him  about  to  combat  with  those  of  oilier 
provinces,  all  which  he  easily  overcame  and  di-slroyed, 
for  none  of  their  images  were  able  to  resist  the  force  oi  fiic  ! — \\.  iength 
a'^iirewd  priest  of  Canopus,  devised  this  artifice  and  cluilleng(;d  the  (/lial 
deans  to  a  trial.  He  took  an  earthen  jar,  in  the  bottom  and  sid(;s  of 
which  he  drilled  a  great  number  of  small  holes; — these  he  ."sloj't  up  with 
wax,  and  then  filled  tlie  jar  with  water:  he  secured  the  head  of  an  old 
Image  upon  it.  ami  having  painted  and  sufficiently  disguised  it,  brought 
It  forth  as  the  god  Canopus!  In  the  confiict  with  the  Chaldean  Ueity 
the  wax  was  soon  melted  by  the  latter,  when  the  watcir  rushed  out  ot'  tiio 
holes,  and  <piickly  extinguished  the  flanu;s.  Univ.  Hist,  i,  iiOC.  In  me- 
mory of  this  victory,  vessels  resembling  the  figure  of  the  god  used  on 
this  occasion  beianie  common.  Dr.  Shaw  gives  the  figure  of  one  which 
he  brought  with  him  Irom  Egypt.  Trav.  42o.  See  Moiitfaucon,  torn,  ii, 
liv.  i,  cap  IS.  A  figure  of  one  throwing  out  water  from  numerous  holes 
on  every  side  is  also  given.  Tom.  ii,  liv.  iii. 

A  somewhat  similar  case  of  sujierstition  in  the  middle  ages,  is  quoted 
by  Bayle  from  Baroniiis  ;  being  a  trial  of  the  virtue  in  the  bones  of  two 
saints  ;  or  rather  a  contest  of  priestly  skill.  &7.  Marliu.i  relics  being 
carried  over  all  France  came  to  Auxerre,  and  were  deposited  in  the 
church  of  St.  Gi-rma/n,  where  they  wrought  several  miracles.  The 
priests  of  the  latt(;r  considered  him  as  great  a  saint  as  the  former;  they 
tlierefore  demanded  one  half  of  the  recei[(ts,  "  which  were  considerable;" 
but  Martin's  priests  contended  that  it  was  liis  relics  that  performed  all 
the  miracles,  and  therefore  all  the  gifts  belonged  to  them.  To  prove 
this,  they  propose<l  iliat  a  sick  person  should  be  put  between  the  shrines 
of  the  saints,  to  ascertain  which  performed  the  cure.  They  llierefi)re 
laid  a  Icpe/-  between  them,  and  lie  was  healed  on  that  side  which  was 
next  to  St.  Martin's  bones,  and  not  on  the  otiier  !  the  sick  man  then  very 
naturallv  turned  his  other  side,  and  was  instantly  healed  on  that  also  I 
Cardinal  Baroiiius  in  commenting  on  this  result,  seriously  observes,  that 
St.  (Jermain  was  as  great  a  saint  as  St.  Martin,  but  that  as  the  latter  had 
done  him  tiie_/(/';yr  o/"  a  ciiit,\ie  suspended  the  infiuence  he  had  with 
God,  to  kIo  liis^Kcv<  the  greatest  honor!  The  custom  of  having  patro.. 
cnints  or  gods  was  universal  among  the  ancient  heathen  ;  and  ftie  same  sys 
rem  was  carried  by  half  pagan  christians  of  the  dark  ages  ir  an  incredible 
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extent  Ecclesiastics  pedillcd  the  country,  like  itinerant  jugglers,  with 
sacks  ctf  bones  and  olh»!r  relics  from  the  chaniel  house — the  pretended 
virtues  of  which,  they  sold  to  the  deluded  multitude  as  in  the  above  instance. 


CHAPTER      IV. 

«.■:«  WcLLS — Wuter  one  or  the  first  object*  or  ancient  husbanilinen—IjOt— Wells  before  the  deluge- 
Dlifjeiu^  tlicm  through  rock  sulisetiucnt  to  :tie  use  of  ntetul'< — Art  of  dipping  them  carried  to  freat  p«r< 
feclion  by  the  Asiatics — Modern  methods  of  maltinf  them  in  loose  soils  derived  from  the  Most — Wella 
often  the  nuclei  of  cities — Prirale  wells  common  of  old — Public  welis  infested  by  Banditti — Wella  uu> 
nerous  in  Greece — Introduced  there  by  Danaus — Facts  connected  with  them  in  tlie  mytholoj^ic  ages — 
Persian  ambassadors  to  Athens  and  Lucedemon  thrown  into  well* — Pheniciau,  Cartlmgenian  and  Roman 
wella  extant — Cti;«ar  and  Pompey's  knowledge  of  making  itelU  enabled  them  to  cou«iuer — City  of 
Pompeii  discovered  by  digfiiug  a  well — Wells  iu  Ch'ua,  Persia.  Fale-otiu-,  Int'.ia.  and  Turkey — Ciytertu 
of  Solomon — Sufferings  of  travelers  from  thirst — Affecting  account  froai  Leo  Africauus — Mr.  Bruce  in 
Abyssinia — Dr.  Ryers  in  tiomhroon — Hindoos  praying  for  wuter — Caravan  of  iJOUO  persons  and  1800 
camels  perished  in  the  Afric;m  desert — Crusader*. 

As  the  human  family  miiltiplit-d,  its  members  necessarily  kej)t  e.xtend- 
ing  themst.'lves  more  iiml  more  from  their  first  abodo  ;  ami  in  searciiing 
for  suitable  locations  the  |>rospeft  of  obtaining  \vati;r  would  necessarily  ex- 
ert a  controllin-j  inHiienco  in  tiieir  decisions.  An  o.xamnle  of  this,  in  later 
times,  is  giwn  by  Moses  in  the  case  of  Abraham  and  Lot.  The  land 
was  too  much  crowded  by  their  families  and  flocks,  "  so  that  tht^y  cculd 
not  dwttll  together,"  and  when  they  had  coiicludi-d  to  separate,  Lot 
selected  the  plain  of  .lordaii,  because  "it  was  «•<//  iruterfd  everywhere." 
Gen.  xiii,  10.  In  the  figurative  language  of  the  East,  "  Lot  lifted  up  his 
eyes  and  beheld  all  the  plain  of  .Tordan  ;"  in  jdain  Entjiish,  he  went  and 
carefully  oxainiiied  it.  When  thus  extending  them.selves,  the  early  in- 
habitants of  tlu!  work!,  would  fretpiently  meet  with  locations  every  way 
adapted  to  their  wants  with  the  single  exception  of  water;  circumstances, 
which  necessarily  must  have  excited  their  ingenuity  in  tievisiiig  means 
to  obtain  it. 

At  wliat  period  of  mans'  history  he  first  had  recourse  to  wells,  we 
have  no  account ;  nor  of  tlie  circumstances  which  leil  him  to  jtenvtrate  the 
earth,  in  search  of  water.  Wells,  we  have  no  doubt,  are  of  antediluvian 
origin,  and  the  knowledge  of  them,  like  that  of  the  primitive  arts,  has 
been  preserved  by  uninterrupted  use  from  the  periotl  of  their  first  dis- 
covery. At  first,  they  were  probably  nothing  more  than  shallow  cavities 
dug  in  moist  jilaces ;  and  their  deptli  occasionally  incrtNised,  in  order  to 
contain  the  suiface  water  that  might  drain  into  them  within  certain  inter- 
vals of  time  ;  a  mode  of  obtaining  it  still  practised  among  barbarous  peo- 
ple. The  wells  of  Latakoo,  described  by  Mr.  Campbell,  in  his  "  Travels 
m  South  Africa,"  were  of  this  description.  They  were  but  two  feet 
deep  and  were  emptied  every  morning.  The  peojile  of  New  Holland, 
the  most  wretched  and  ignorant  of  our  species,  had  similar  excavations, 
at  which  l)nin/>i<:r,  when  on  the  coast  in  1CS8,  obtained  a  supply  for  his 
ships.  He  says,  "  we  filled  our  barrels  with  water  at  wells  which  had  been 
<dug  by  the  natives."  Burney's  Voy.  iv,  260.  Well."  are  also  connected 
with  tlie  superstitions  of  the  New  Zealanders ;  and  the  Radack  Islanders, 
when  discovered  by  Kotzebue,  had  pits  or  square  wells,  which  they  had 
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dug  for  water.  Kotzebue's  Voy,  ii,  28,  66,  and  iii,  145,  223.  Tlio  fresh 
water  which  Cohimbus  found  in  the  huts  belonging  to  the  Iiidians  of 
Cuba,  was  probutUy  ol>taincd  from  similar  wells  ;  but  which  the  .Sj)an- 
iurds,  wiio  found  none  but  salt  water,  were  unable  to  discover.  Persomd 
Nar.  of  Colum.  67.  Boxton,  1S27. 

These  simple  excavations  would  naturally  bo  multiplied  and  their 
dimensious  enlarged  as  far  as  the  limited  means  of  man,  in  the  early  ages, 
would  permit,  and  his  increasing  wants  require.  But  when  tlio  discovery 
of  the  metals  took  place,  (in  the  seventh  generation  from  the  first  pair,  ac- 
cording to  both  Moses  and  Sanchoniathon,)  the  dejH/t  of  wells  would  no 
ion^r  be  arrested  by  rocks,  nor  their  construction  limited  to  locations 
where  these  did  not  occur.  From  very  ancient  wells  which  still  remain, 
it  is  certain,  that  at  a  lime  long  anterior  to  the  commencement  of  history, 
the  knowledge  of  procuring  water  by  means  of  them,  was  well  under- 
stood, perhaps,  equally  so  as  at  present.  On  this  supposition  only,  can  we 
reconcile  the  selection  of  locations  for  them  composed  wholly  of  rock. 
Some  of  the  oldest  wells  known  are  dug  entirely  tiirough  that  material, 
and  to  a  prodigious  depth. 

Man's  ingenuity  was,  perhaps,  first  exercised  in  procuring  water; 
and  it  is  not  improbable,  that  the  art  of  constructing  wells  wiis  more 
rapidly  carried  to  perfection  than  any  other.  The  physical  character  of 
central  Asia,  its  climate,  universal  deficiency  of  water,  its  swarms  of  in- 
habitants, and  their  pastoral,  and  agricultural  pursuits,  wovdd  necessarily 
contribute  to  this  result.  The  Abbe  Fleury,  in  his  "  Manners  of  the  An- 
cient Israelites,"  justly  observes,  "  their  numerous  herds  of  cattle  necessa- 
rily induced  them  to  seta  very  high  value  on  their  wells  and  cisterns;  and 
more  especially  as  they,  occupied  a  country  where  there  was  no  river  but 
Jordan,  and  where  rain  seldom  fell."  Chap.  iii.  In  no  other  part  cf  the 
world,  even  in  modem  times,  has  more  science  l>een  evinced,  or  mechani- 
cal skill  displayed  in  penetrating  the  earth,  than  is  exhibited  in  some  of  the 
ancient  wells  of  the  east ;  and  it  is  to  their  autliors,  tliat  we  are  indebted 
for  the  only  known  method  of  sinking  wells  of  great  depth,  througli  looso 
soils  and  <juicksands,  viz  :  by  first  constructing  a  curb,  (of  stone,  brick, 
&c.)  which  settles  as  the  excavation  is  deepened,  and  thereby  resists  dio 
pressure  of  the  sun-ounding  soil. 

Wells  are  metitioned  by  Moses,  as  in  common  use  among  the  ancient 
Canaanites ;  some  of  which  at  that  remote  age  adjoined  roads,  for  the  be- 
nefit of  travelers  and  the  public  at  large.  Indeed,  all  pcojile  who  have  had 
recourse  to  wells,  have  consecrated  some  of  them  to  the  convenience  of 
strangers  and  travelers.  The  first  wells  were  probably  all  of  Uiis  descrip 
tion.  Most  of  those  mentioned  in  history  were  certiiinly  such.  At  one  of 
these,  Hagiir  rested  and  refreshed  herself,  when  she  Hed  from  the  ill  treat- 
ment of  Sarah.  And  it  was  "  by  the  way"  of  this  well,  that  Isaac  was  going 
when  he  first  met  with  Rebecca.  And  we  leani  from  Gen.  xxv,  11,  that 
he  subsequently  took  up  his  abode  near  it ;  a  custom  by  which  wells 
frequently  became  nuclei  of  ancient  cities.  Jacob's  well  is  an  example, 
if  really  dug  by  him.  When  that  patriarch  and  his  fumily  drank  of  its 
waters,  few  dwellings  were  near  it;  (Gen.  xxiii,  19  ;)  but,  before  the  time 
of  Alexander,  these  had  so  far  increased,  as  with  the  ancient  Shalem,  to 
form  the  capital  city  of  Samaria.  And  600  years  before  Alexander's  con- 
quest of  Judea,  .leroboam  when  he  governed  the  ten  tribes  had  a  palace 
in  the  vicinity  of  this  well.  Joscphus,  Antiq.  viii,  3.  "  'J'admor  in  the  wil- 
derness," or  Palmyra,  one  of  the  most  splendid  cities  of  the  old  world, 
was  built  by  Solomon  (2  Chron.  viii,  4,)  in  the  Syrian  desert,  and  its  loca- 
tion determined  according  to  Josephus,  (Antiq.  vii  ,  6,)  "  l>eca>i£e  at  tliaf 
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place  only  there  arc  springs  and  pits  (wells)  of  water."  Pliny  makes  iho 
same  remark,  uiul  .speuks  of*  its  "abundance  of  water."  Nat.  His.  v,  io. 
Bonnini,  in  iiis  '  Syracuse  Anticlii,'  ix'niarks  tliat  most  of  tlie  Sicilian  cities 
took  their  names  from  tlie  fountains  they  were  near,  or  the  rivors  they 
lM)r(lered  upon.  The  deep  well  in  tlie  Cumean  Syliil's  tav*-,  gave  its  name 
Lilyhr,  both  to  the  cai)e  and  town  near  it.  Breval's  Remarks  on  iiuro|)e,  19 
and  39.  Tlie  same  may  be  said  of  other  Kuropcan cities.  I >ath  in  Eng- 
land derived  its  name  from  the  sprinjrs  near  it.  It  was  named  Caer-Uadon, 
or  tlie  place  of  batiis,  before  the  iloman  invasion,  'ilie  city  of  \Vei.i,8, 
also,  was  named  after  the  wells  of  water  near  it,  especially  tiie  one  now 
known  as  St.  Andrew's  Well.  Lewis's  Topographical  Dictionary.  Many 
otliers  might  be  named. 

Private  wells  were,  however,  very  common  in  ancient  times.  Abndiam 
and  Isjiac  constructed  several  for  the  use  of  their  own  liimilies  and  Hocks. 
David's  spies  wc-e  secreted  in  the  well  of  a  privafi-  house.  "Water 
out  of  thine  own  cistern  and  running  waters  out  of  thine  own  well,"  is 
the  language  of  Proverbs,  v,  15  ;  and  in  the  2d  Book  of  Kings,  .wiii,  31, 
we  read  of  "  every  one  drinking  waterout  his  of  own  cisltjrn ;"  or  i>il  as  it 
is  in  ^he  margin ;  a  term  ofu.'n  used  by  eastern  writers,  synonymously  with 
well.  In  the  plans  of  private  liouses  at  Karnac,  it  appears  that  the  ancient 
Egyptians  arranged  tlieir  houses  and  court  yards  (Grande  Dv-vrijitwn, 
torn,  iii,  Plaiiche  .\vi,)  in  a  manner  very  similar  to  those  of  the  Romans, 
tts  seen  at  Pompeii,  and  like  these,  each  house  was  generally  furnished 
with  a  round  well  and  an  oblong  cistern.  Lardner's  .'Vrts  of  the  Greeks 
and  Romans,  i,  -11.  "  If  I  knew  a  man  incurably  thankless,"  says  Seneca, 
"  I  would  yet  be  so  kind  as  to  put  him  on  his  way,  to  let  him  light  a  can- 
dle at  mine,  or  draw  w.itcr  at  /»;/u<ell."  Seneca  on  Benefits;  L'Kstrange't 
Trans.  The  story  of  Apono,  an  Italian  philosopher,  and  ^^]>uIed  magi- 
cian, of  the  13th  century,  indicates  that  almost  evtn-v  house  had  a  well. 
He,  howev<!r,  had  not  one,  or  it  was  dry,  an  I  his  neiiflibor  liaviui?  refused 
to  let  his  maid  draw  water  from  his  we..,  Apono,  it  was  -..lul,  hy  bia 
magic  caused  it  through  revenge  to  be  can  ied  off  by  deviU    liui/le. 

Numerous  wells  of  extreme  antitpiity  are  still  to  bt-  -it-vn  in  Egypt. 
Van  SM>  notices  several.  Besides  those  in  some  of  the  pvamids.  theivore 
others  which  are  probably  ;ls  old  as  those  structures.  Mr  vVilkiiison  men- 
tions one  near  the  pymmids  of  Geezer.  An.  Egyj).  vol.  in  Among  the 
ruins  of  Nineveh,  a  city  whose  foundations  were  laid  by  .Aslinr,  the  son 
of  an  antediluvian,  is  a  remarkable  well,  which  supplies  the  p*-a.sants  of 
the  vicinity  with  water,  and  who  attribute  to  it  many  virtues.*  (Captain 
Rich  named  it  Tliiihe's  Well.  The  immediate  successors  of  that  Pharaoh 
who  patronized  Joseph  erected  stations  to  command  the  wells,  (which  were 
previously  in  u.se,  and  probably  had  been  for  ages,)  at  IVadce  Jaxous,  and 
tliese  same  wells  still  supply  the  port  of  Philoteras  or  /Ennutn,  on  the  Red 
Sea,  with  water,  as  they  did  four  thousand  years  ago.*" 

The  building  of  stations  to  protect  wells  was  common  in  ancient  times, 
on  account  of  robbers  laying  in  wait  near  them.  There  is  an  allusion  to 
this  in  Judges,  "  They  are  delivered  from  the  noise  of  archers  in  the  ]>larea 
of  drawing  water."  Chap,  v,  11.  It  was  at  the  public  fountains  that  the 
J'elasgi  attacked  the  Athenian  women.  Near  the-  ruins  of  an  Egy]>tian 
Temple  at  Wady  El  Mecah,  is  an  enclosure,  in  the  cenl;-e  of  which  is  a 
well.  "  All  round  the  well  there  is  a  platform  or  gallery  raised  six  feet, 
on  which  a  g^ard  of  soldiers  might  walk  all  round.     In  the  upper  pari 

•Narrutive  of  a  residence  in  Koordistan,  and  on  tlie  site  of  ancient  Niueveli,  b) 
C.  J.  Rich,  Lou  ISm.  Vol  u,  2G  and  M.    <>An.  Egyp.  Vol  i,  46. 


Cliap  4]  Grecian  WdU.  27 

of  thi;  wall  arc  holes  for  dischar^ng  arrows."  Fo-ihrokr.s'  For.  Top.  322 
The  custom  tii"  guaiJiiig  tlio  roads,  especially  in  the  vicinity  of  tanks  aud 
well*,  is  still  cuinmiin.  Fryer  in  his  Travels  in  India,  noticed  it.  "  We 
found  them  in  arms,  not  surt'ering  their  women  to  stir  out  of  the  town  un- 
guarded, to  fetch  water."  Page  \i6,  222.  In  lSliaw"s  Tra\H;Is  in  Mauri- 
tania, h'3  noticed  a  heautiful  rill  of  water,  which  flowed  into  a  hasin  of 
Roman  worknian^hiii,  named  ' Shruh  tee  Kruh,'  i.  c.  "drink  and  he  off," 
on  account  of  the  danger  of  meeting  assassins  in  its  vicinity.  Sandys 
speaks  of  the  "  wells  of  fear."     Travels,  p.  140. 

\v  ancient  Greece,  wells  were  very  numerous.  The  inhahitants  of 
Attica  were  supplied  willi  water  princij)a!!y  iTi.ia  them.  Vitruvius  re- 
marks, that  the  otlier  water  which  lliey  had,  was  of  had  quallly.  B.  viii, 
Chap.  3.  Plutarch  hiis  preserved  some  of  the  last.,  ol'  Solon  respecting 
wells.  By  these  it  was  enacted  that  all  ])ersons  who  lived  within  four 
furlongs  of  a. public  well,  had  liberty  to  use  it;  but  when  the  distance  was 
greater,  they  were  to  dig  one  for  themselves ;  and  they  were  requir 
ed  to  dig  at  least  six  feet  from  their  neighbor's  ground.  Life  of  Solon. 
According  to  Pliny,  Danaus  sunk  the  first  wells  in  Greece.  Nat.  His. 
vii,  50.  Plutarch,  in  his  life  of  Cimon,  says  the  Athenians  taught  the  rest 
o*"  the  Greeks  "  to  sow  bread  com,  to  avail  themselves  of  the  use  of  wells, 
and  of  the  benefit  of  fire  "  From  the  connection  in  which  wells  are  here 
mentioned,  it  is  evident,  that  in  the  opinion  of  the  ancient  Greeks,  they 
were  among  the  first  of  man's  inventions  ;  and  hence  the  anticpaity  of  de- 
vices to  raise  water  from  them.  In  the  mythologic  ages,  the  labor  of  rais- 
mg  water  out  of  depp  wells  was  imposed  as  a  punishment  on  the  diiugh 
ters  of  Danaus,  for  the  murder  of  their  husbands.  The  daughters  of  Phae- 
don  (who  was  put  to  deatn  oy  the  thirty  tyrants)  threw  themselves  into  a 
well,  preferring  death  to  dishonor.  The  body  of  Chrysi])pus,  son  of 
Pelops,  was  disposed  of  in  the  same  way,  after  being  murdered  by  his 
brothers,  or  his  step-mother.  When  Darius  sent  two  heralds  to  demand 
earth  and  water  of  the  Athenians,  (the  giving  of  wliich  was  an  acknow- 
ledgment of  subjection,)  they  threw  one  of  them  into  a  difi./i,  and  the 
other  into  a  wkll,  telling  them  in  mockery  to  take  what  they  came  for. 
Plutarch.  And  Herodotus  informs  us,  that  the  Lacedemonians  treated  the 
Persiin  ambassadors,  who  were  sent  to  them  on  the  same  errand,  in  pre 
cisely  the  same  manner.  Herod.  D.  viii.  133.  These  brutal  acts  led  to 
the  invasion  of  Greece  by  Xerxes. 

Shortly  after  Alexander's  death,  Perdiccas  and  Roxana  murdered  Statira 
and  her  sisters,  and  had  their  bodies  thrown  into  a  well.  Hence,  well,-* 
were  probal>ly  common  in  Babylon  as  well  as  in  Nineveh ;  for  this  was 
most  likely  a  private  one ;  a  public  one  would  scarcely  hax  e  been  select- 
ed, where  concealment  was  required.  Sir  li.  K.  Porter,  in  his  Travcils  in 
Georgia,  Persia,  Armenia,  and  ancient  Babylon,  Vol.  i.  698,  speaks  of  the 
remains  of  an  ancient  and  "  amazing  deep  well,"  near  Shiraz.  Remains 
of  Phenician  antl  Carthagenian  wells  are  still  to  be  seen.  Near  the  ancient 
Barca.  Delia  Cella  discovered  "  wells  of  great  depth,  some  of  wliich  still 
afford  most  excellent  water."'  At  Arar,  are  others,  some  of  which  are 
excavated  through  rocks  of  sandstone.  At  Arzew,  the  ancient  Arscnaria, 
Dr.  Shaw  observed  a  number  of  wells,  "which  from  the  masonry  appear 
to  be  as  old  as  the  city."''  The  celebrated  fountain  of  the  sun  of  the  an- 
rients,  near  the  temple  of  Jupiter  Ammon,  according  to  Bel/.oiii,  is 
a  u'Ki.i.   sixty   feet  deep,    and   eight    feet   square.       (In   this    case  and 
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(iiimcrous  otliors,  the  terms  "  well"  and  "  fountain,"  are  synonymous. 
"  The  following  is  among  tlie  first  observations  of  Sir  Willittm  Geii, 
after  luiidinu  on  the  Troad ;  "  we  jiast  many  wells  on  the  road,  a 
proof  tiiiit  tlic  country  was  once  more  populous  than  at  present.*  The 
inhabitants  of  Ithaca,  the  birth  place  of  Ulysses  and  Telemaciius,  and 
t)ie  scene  of  some  of  the  principal  events  recorded  in  the  poctrv  of 
Homer,  still  diuw  their  supplies  of  water,  as  in  former  limes,  from  wells.* 
And  as  in  otlicr  places,  a  tower  was  anciently  erected  to  guard  one  ol 
these  wells,  and  protect  the  inhabitants  while  drawing  water  from  it.* 

The  ancient  Egyj)tians  irrigated  the  borders  of  tlie  desert  al«)ve  the 
reach  of  the  inundaticms  of  tl>e  Xile,y»Y//«  wki.i.s,  which  they  dug  for  that 
purpose."'      The  Chinese  also  use  wells  to  water  their  land. 

As  it  regards  the  anti(]uity  and  impoitance  of  wells,  it  has  Ijecn  observed 
that  the  earliest  account  on  record  of  the  purchaie  of  land,  23  Gen.  was 
subsequent  to  that  of  a  well.  Gen.  x.xi,  30. 

Roman  wells  are  found  in  every  country  which  that  people  conquered. 
Their  armies  had  constant  recourse  to  them,  when  other  sources  of  water 
failed,  or  were  cut  off  by  their  enemies.  Paulus  Emilius,  Pompey,  and  Cie- 
sar,  often  preserved  their  troo|»s  from  destruction  by  having  recourse  to  them. 
This  was  strikingly  illustrated  by  Caesar  when  Ijesieged  in  Alexandria ;  the 
water  in  the  cisterns  having  been  spoiled  by  the  Egyptians.  It  was  Pom- 
j)ey's  suj)erior  knowledge  in  thus  obtaining  water,  which  enabled  him  to 
overthrow  Mithridates,  by  retaining  possession  of  an  important  post, 
which  the  latter  abandoned  for  want  of  water.  Thus  the  destinies  of 
these  manslayers  and  tlieir  armies,  freijuently  depended  on  the  welk 
which  they  made. 

The  city  of  Rome,  previous  to  the  time  of  Applus  Claudius  Cipcns,  whc 
first  conveyed  water  to  it  by  an  aqueduct.  A.  U.  C.  411,  was  sup])Red  chiefly 
from  f<)niitains  and  wells,  several  of  '.vhich  an?  preserved  to  this  d.iy.  (At 
Chartres  in  France,  a  Roman  well  is  still  known  as  the  '  Saints'  Well,'  on 
account  of  martyrs  drowned  in  it  by  the  Romans.) 

In  noticing  the  wells  of  ancient  Italy,  we  may  refer  to  a  circumstance, 
which  although  trivial  in  itself,  led  to  the  most  surprising  discoveiy  that 
had  ever  taken  place  on  this  globe,  and  one  which  in  the  interest  it  has 
excited  is  unexampled.  In  the  early  part  of  the  eighteenth  century,  1711, 
an  Italian  peasant  while  digging  a  well  near  his  cottage,  ibund  somo 
fragments  of  colored  marble.  These  attracting  attention,  led  to  further  ex- 
cavation, when  a  statue  of  Hercules  was  disinterred,  and  shortly  after- 
wards a  mutilated  one  of  Cleopatra.  These  specimens  of  ancient  art, 
were  found  at  a  considerable  depth  below  the  surface,  and  in  a  place 
which  subsequently  proved  to  be  a  temple  situated  in  the  centre  of  the 
ancient  city  of  Herculaneum !  This  city  was  overwhelmeil  with  ashes 
and  lava,  during  an  eruption  of  Vesuvius,  A.  D.  79,  being  the  same  in 
which  the  elder  tliny  perished,  who  was  suffocated  with  sulphurous  va- 
pors, like  Lot's  wife  in  a  similar  calamity.  Herculaneum  therefore  had 
been  buried  1C30  years  !  and  while  every  memorial  of  it  was  'ost,  and 
ev»n  the  site  unknown,  it  was  thus  suddenly,  by  a  resui-iection  then 
un))arallcled  in  the  annals  of  the  world,  brought  again  to  light ;  and 
streets,  temples,  houses,  statues,  paintings,  jewellery,  professional  imple- 
ments, kitchen  utensils,  and  other  articles  conn  -cted  with  ancient  domestic 
life,  were  to  be  seen  arranged,  as  when  thei.  owners  were  actively  roov- 
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;ng  among  them.  Even  the  skeletons  of  some  of  the  inhabitants  were 
fuuiiJ  ;  one,  near  the  threshold  of  \i\i  door,  with  a  bag  of  money  in  his 
itand,  and  ap|ini-cntly  in  the  act  uf  escajiitig. 

The  ligtit  wiiich  this  important  discovery  reflected  upon  numerous  sub- 
jects connected  with  the  ancients,  has  greatly  eclipsed  all  previous  sour- 
ces of  information;  and  as  regards  some  of  the  arts  of  the  Romans,  the 
information  thus  obtained,  may  be  consiiiered  almost  as  full  and  satisfactory, 
as  if  one  of  ttieir  mechanics  had  risen  from  the  dead  and  described  them. 

Among  the  early  discoveries  made  in  this  city  of  Hercules,  (it  having 
been  founded  by,  or  in  honor  of  him,  1250,  B.  C.)  not  the  least  interesting 
is  one  of  its  public  wells  ;  which  liaving  been  covered  by  an  arch  and 
surrounded  by  a  curb,  the  ashes  were  excluded.  Phil.  Trans,  xlvii, 
151.  This  well  was  found  in  a  high  state  of  preservation — it  still  con- 
tains excellent  water,  and  is  in  the  same  condition  as  when  the  last  fe- 
males retired  from  it,  bearing  vases  of  its  water  to  their  dwellings,  and 
probably  on  the  evening  that  preceded  the  calamity,  which  drove  them 
from  it  for  ever. 

Forty  years  after  the  discovery  of  Herculaneum,  another  city  over- 
nrhelmed  at  the  same  time,  was  "  destined  to  be  the  partner  of  its  disinter 
ment,  as  well  as  of  its  burial."  This  was  Pompeii,  the  very  name  of 
which  had  Ijeen  almost  fora;ottcn.  As  it  lay  at  a  greater  distance  from 
Vesuvius  than  Herculaneum,  the  stream  of  lava  never  reached  it.  It  was 
inhumed  by  showers  of  ashes,  pumice  and  stones,  which  formed  a  bed  of 
variable  depth  from  twelve  to  twenty  feet,  and  which  is  easily  removed; 
whereas  the  former  city  was  entomlied  in  ashes  and  lava  to  the  <leptti  of 
from  seventy  to  a  hundred  feet.  With  the  exception  of  the  u]>pc!r  stories 
of  the  houses,  which  were  either  consumed  by  red  hot  stones  ejected  from 
the  volcano,  or  crushed  by  the  weijjht  of  the  matter  collected  on  their 
roofs,  we  Inihold  in  Pompeii  a  flourishing  city  nearly  m  the  state  m  which 
it  existed  eighteen  centuries  ago !  The  buildings  unaltered  by  newer 
fashions ;  the  paintings  undimmed  by  the  leaden  touch  of  time  ;  household 
furniture  left  in  the  confusion  of  use;  articles  oven  of  intrinsic  value 
abandoned  in  the  hurry  nf  esciipe.  yet  safe  from  the  robber,  or  scattered 
about  as  they  fell  from  the  trembling  hand  which  could  notstooj)  or  pause 
for  the  most  valuable  possessions ;  and  in  seme  instances  the  bones  of  the 
inhabitants,  bearing  sad  testimony  to  the  suddenness  and  completeness  of 
the  calamity  which  overwhelmed  tiiem.  P(impeii,  i,  5.  Lib.  Entertaining 
Knowled^Z^e.  In  the  prison,  skeletons  of  unfortunate  men  wen;  discov- 
ered, their  leg  bones  Ijeing  enclosed  in  shackles,  and  are  so  preserved  in 
the  museum  at  Portict. 

I  noticed,  says  M.  Simond,  a  striking  memorial  of  this  mighty  eruption, 
m  Uie  Forum  opposite  to  the  temple  of  Jupiter ;  a  new  altar  of  while 
marble  excjuisitely  beautiful,  an-i  apparently  just  out  of  the  liamls  of  the 
sculptor,  had  been  erected  there  ;  an  enclosure  was  building  all  around  ; 
tlie  mortar  just  dashed  against  the  side  of  the  wall,  was  but  half  spread 
out ;  you  saw  the  long  sliding  stroke  of  the  trowel  about  to  return  and 
obliterate  its  own  track — but  it  never  did  return ;  the  hand  of  the  work 
man  was  suddenly  arrested  ;  and,  after  the  lapse  of  ISOO  years,  the  whole 
looks  so  fresh,  that  you  would  almost  swear  the  mason  was  only  gone  to 
his  dinner,  and  about  to  come  back  immediately  to  finish  his  work ! 
We  can  scarcely  conceive  it  possible  for  an  event  connected  with  the  arts 
of  former  ages,  ever  to  happen  in  future  times,  equal  in  interest  to  the  re- 
siirroction  of  these  Roman  towns,  unless  it  be  the  reappearance  of  tlie 
I'henician  cities  of  the  plain. 

From  tlie  facility  of  removing  the  materials  at  Pompeii,  much  greater 
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•(]vanccs  have  lK?en  mafle  in  uncoveriti»  the  Imfl.jinjr*  and  cTearirg  the 
•trcct",  tli;in  will  probahly  ever  Imi  afci>mju;>!icd  in  Iit.'rciii;inpiim.  A* 
mijHt  have  iH.*».n  cciK-cfod,  several  ircih  have  Ix^cn  fivuiiit,  Ik'SiJi's  rai»- 
Kn/1-r  rixirrn*  ami  j'nunlainA  in  £rr«.*at  nunilierii.  Tlie  liitfor  were  so  com- 
■non,  lint  ■"carcfiy  a  street  has  \tecn  touiiJ  without  one  ;  and  everj-  hou»e 
wa.«  provi.Icd  w'th  <>r,e  or  more  of  th»>  former. 

Diiriii'.'  tiie  exr;iv;uions  immediately  previous  to  the  pnhlication  of  Sir 
Wm.  (ii-li's  .-sphMidid  work,  *  Poinpeiana,' in  IS^i'i.  a  very  fine  well  was 
di.foovercd  n<-ar  tin;  jritc  of  the  Pantheon,  IIC  feet  in  depth  and  rimtain 
inir  !•»  feet  of  wafer!" 

That  welli  w<rrf.'  numerous  in  Asia  and  the  ea<t  <ienerally,  we  can 
readily  Ijelicve,  when  we  learn  that  some  of  the  mo»t  fertile  districts, 
could  neither  \vi  cultivated  nor  inhabited  without  them.  Not  li?ss  than 
fifty  thousand  wells  were  foimted  in  one  distrirt  of  Hindostan.  when  taken 
posse->si.<n  of  l>y  the  B^iti^h;  several  of  which  are  of  very  hisrK  anti<|uity. 
In  China,  wells  are  numerous,  and  often  of  large  dimensions,  and  even 
lined  with  marhle.  In  Pekin  they  are  very  common,  some  of  the  deepest 
wells  of  the  world  are  in  this  country.  ^I.  Anisro,  (in  his  Es«ay  on  Arte- 
sian \V(rlls,)  observes  that  the  Chinese  have  sunk  them  to  the  eiiormons 
depth  of  eiirhteen  himdred  feet !  "  Dij^  a  well  l>efore  you  are  thirsty,"  is 
one  of  their  ancient  proverbs.  The  scarcity  of  water  over  all  Pei-^ia  has 
been  notic<?d  by  every  traveler  in  that  country.  In  sreneral  the  inhabi- 
tants depeiul  entirely  on  wells,  the  water  of  which  is  ci.immonly  bad. 
Fryer,  xxxv,  07. 

To  provide  water  for  the  thirsty  ha.<  always  }>een  esteemed  in  the  east, 
one  of  the  most  excellent  of  moral  duties,  hence  benevolent  princes  and  rich 
men,  have,  from  the  r<!mote3t  aijes,  consecrated  a  portion  of  their  wealth 
to  the  construction  of  wells,  tanks,  fountains.  &c.  for  public  u.sc  It  is  re- 
conled  as  one  of  (he  irlories  of  Uzziah's  r«'igrn,  that  he  "digged  many 
wells."  Over  all  Persia,  there  are  numerous  cisterns  built  tl>r  public  use 
by  the  rich.  Fryer,  22.5.  "Another  work  of  charity  among  the  P.indoos" 
observes  .Mr.  Ward,  '"is  the  dicpng  of  pools, 'o  supply  ths*  ihirsty  traveler 
with  water.  The  cuttinsr  of  these,  and  btiihling  (liL'hts  of  steps,  in  order  to 
descend  into  them,  is  in  many  cases  very  expensive;  4.000  rup<  os.  (2.000 
dollars,)  are  frequently  ex{>ended  on  one."  At  the  ceremony  o;" setting  it 
apart  for  public  use,  a  Brahmin,  in  the  name  of  the  dtuior,  exclaims.  "  I 
offer  this  pond  of  water  to  quencK  tlie  thirst  of  mankind."  after  which  the 
owner  cannot  appropriate  it  tc  his  own  use.     Hist.  Hiiui.ios,  1574. 

Ferose,  one  of  the  monarchs  of  India,  in  the  fourteenth  century,  *'  bnilt 
fifty  sluices"  (to  irrisritc  the  land,)  and  "  one  hundred  and  Hi'iy  wells." 
One  of  the  objects,  which  the  fakirs,  or  mendicant  philoj^ojihers  of  India, 
have  frequently  in  view,  in  coUectinsr  alms,  is  to  '  dijr  a  well,'  and  ihcroliy 
atone  for  some  particular  sin.  Other  devotees  stand  in  the  roads  with 
vessels  of  water,  and  srive  drink  to  thirsty  travellers  from  the  same  motives. 
Amoni^  the  supposed  causes  of  .Job's  affliction,  adduced  by  Eliphaz,  was, 
"thou  hast  not  tjiven  water  to  the  weary  to  drink,"  xxii,  7:  a  most  hor- 
rible accusrition  in  such  a  countrj"  as  Syria,  an»l  one  which  that  riiyhteoiis 
man  denied  with  the  awful  imprecation,  "  thi;n  let  mine  arm  fall  from  my 
ihoiilder  blade,  and  mine  arm  l»e  broken  from  the  bone."  xxxi,  22 

"  The  sun  w^as  settinir,"  says  Mr.  Emerson,  "as  we  descended  the  last 
chain,  and  with  the  departure  of  daylight,  our  to'tures  commenced,  as  it 
was  too  dark  to  see  any  of  the  fountains  charitably  en.'cted  by  the  Turks 
near  the  roiul."''    f^arge  lijgacics  are  sometimes  left  by  pious  Turks  for  th« 
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erection  of  fountain*,  who  1)eli§ve  tJiey  can  do  no  act  more  acceptable  to 
lro<l."  This  mode  of  ex[)ending  their  wealth,  at  the  same  time  that  it 
conferred  real  and  lasting  licnefits  on  the  public,  was  the  surest  way  of 
iranstnitting  ti>  posterity  the  names  of  the  donors.  The  pools  of  Solomon, 
miirht  have  preserved  his  name  from  oblivion  had  nothing  else  respecting 
him  been  known.  These  noble  structures,  in  a  land  where  every  other  work 
of  art  has  been  hurried  to  destruction,  remain  almost  as  perfect  as  when 
they  were  constructed,  and  Jerusalem  is  still  supplied  with  water  from 
them,  by  an  earthen  pipe  about  ten  inches  in  diameter.  "  These  reser- 
voirs are  really  worthy  of  Solomon;  I  had  formed  no  conception  of  their 
magnificence ;  they  are  three  in  number,  the  smallest  between  four,  and 
five  hundred  feet  in  length."  The  waters  are  discharged  from  one  into 
another,  and  conveyed  from  the  lowest  to  the  city.  "  I  descended  into 
the  third  and  largest ;  it  is  lined  with  plaister  like  the  Indian  chunan,  and 
hanging  terraces  run  all  round  it."     Lindsay's  Trav.  Let.  9. 

According  to  the  moral  doctrines  of  tlie  Chinese,  "to  repair  a  rY>ad, 
make  a  bridge,  or  dig  a  well,"  will  atone  for  many  sins.  Davis'  China, 
ii,  89.  The  Hindoos,  says  Sonnerat,  believe  the  digging  of  tanks  on  the 
highways,  renders  the  gods  propitious  to  them ;  and  he  adds,  "  Is  not  this 
the  best  manner  of  honoring  the  deity,  as  it  contributes  to  the  natural 
good  of  his  creatures?"  Vol.  i,  94. 


SCTFERINOS  OP  TRATELERS  FROM  THIRST 

ITie  extreme  sufferins's  A^bich  orientals  have  been,  and  are  still  called  to 
endure  from  the  want  of  wat^r,have  been  no-.-.O'C- 1  \,j  all  modern  travelers, 
from  Rubriques  and  Marco  Paulo,  to  Burckhardt  ar-i.  .Nijbuhr.  Wells  in 
some  routes,  are  a  hundred  miles  apart,  and  are  somotimf^s  found  empty; 
hence  travele.'s  have  often  been  obliged  to  slay  their  camels  for  the  wa- 
ter these  animals  retain  in  their  stomachs.  Leo  Africa^x.^  noticed  two 
marble  monuments  in  his  travels ;  upon  one  of  whio.-'.  wac  an  epitaph, 
recording  the  manner  in  which  those  who  slept  bencalh  them  hud  met 
their  doom.  One  was  a  rich  merchant,  the  other  a  water  carrier,  who 
furnished  caravans  with  water  and  provisions.  On  reacliiiijj  tliis  spot, 
scorched  by  the  sun  and  their  entrails  tortured  by  the  most  excruciating 
thirst;  there  remained  but  a  small  ijuantityof  water  between  them.  The 
rich  man,  \vhose  thirst  now  made  him  regard  his  gold  as  dirt,  purchased  a 
single  cup  of  it  for  ten  thousand  ducats  ;  but  that  which  possibly  might 
have  been  sufficient  to  save  the  life  of  one  of  them,  beinsjf  divided  be- 
tween both,  served  only  to  prolong  thcii-  sulTerings  for  a  moment,  and  they 
both  sunk  into  that  sleep  from  which  there  is  no  waking  upon  earth. 
Lives  of  Travelers,  by  St.  John. 

Mr.  Bruce,  when  in  Abyssinia,  obtained  water  from  the  stomachs  of 
camels,  which  his  cotnpai-ions  slew  for  diat  purpose  Sometimes  the 
mouths  and  tongues  of  travelers,  from  want  of  this  precious  li(|uid,  be- 
come dry  and  hard  like  those  of  parrots  ;  but  these  are  not  the  only 
people  who  suffer  from  thirst.  During  the  long  continuance  of  a  drought 
which  prevailed  over  all  Judea  in  Aliab's  reign,  every  class  of  people 
suflRjred.  1  Kings,  xvii  and  xviii.  And  such  drought?  are  not  uncom- 
mon. '*  The  poor  and  needy  seek  water,  and  there  is  none,  and  their 
tongue  faileth  for  thirst,"  (Isa.  xli,  17,)  in  modem  times  as  wion  the  pro- 
jet  wr'te,  and  not  the  poor  alone,  for  "  the  honorable  men  are  famish- 
ed." and;  as  well  as  the  multitude,  are  "dried  up  with  thirst  "  Isa.  v,  13 
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Mccli&nics  in  cities  were  not  exempt.  "  Xhe  smith  with  the  tongs,  both 
workcth  in  the  coals  and  fasliioncth  it  witli  hammers,  and  worketh  it  with 
Ihe  strength  ol"  his  arms,  is  hungry  and  liis  strength  iaiieth,  he  drinkeUt  no 
water  and  is  faint."     Tsa.  xliv,  12. 

Dr.  Ryers,  who  lived  in  the  city  of  Gombroon,  on  the  Persian  Gulf, 
when  describing  the  heat  of  the  climate  and  the  deficiency  and  bad  quality 
of  the  water,  observes  that  the  heat  made  "  the  mountains  gape,  the  rocks 
cleft  in  sunder,  the  waters  stagnate,  to  which  the  birds  with  hanging 
wings  repair  to  quench  their  thirst ;  for  want  of  which  the  herds  do  low, 
the  camels  cry,  the  barren  earth  opens  wide  for  drink ;  and  all  things  ap 
pear  calamitous  f()r  want  of  kindly  moisture ;  in  lieu  of  which  hot  blasts 
of  wind  and  showers  of  sand  infest  the  ]iurer  air,  and  drive  not  only  us, 
but  birds  and  beasts  to  seek  remote  dwellings,  or  else  to  perish  here ;"  and 
alter  ri.'moving  to  a  village  some  miles  distant,  "  fi)r  the  sake  of  water," 
by  a  metaphor,  that  will  appear  to  some  persons  as  bordering  on  blas- 
phemy, he  says,  "  it  was  as  welcome  to  our  parched  throats,  as  a  drop  o' 
that  cool  liquid,  to  tlie  importunate  Dives."  Fryer,  p.  418.  Under  si milat 
circumstances,  the  Hindoos,  night  and  day  run  through  the  streets,  carry- 
oig  boards  with  earth  on  their  heads,  and  loudly  re]»eating  after  the  Brah- 
mins, a  prayer,  signifying  "God  give  us  water."  Even  in  Greece  and 
Rome,  where  water  was  in  comparative  abundance,  agricultural  laborera 
considered  the  Frog  an  object  of  envy,  inasmuch  as  it  had  always 
enough  to  drink  in  the  most  sultry  weather.  Lard.  Arts  Greeks  and  Rom. 
Vol.  li,  20.  The  ignorant  and  clamorous  Israel  tes.  enraged  with  thirst, 
abused  Moses,  and  were  ready  uo  sfci"  *.im,  Lecau.se  t;.ev  had  no  water. 

One  of  the  xantt  appalling  facts  that  is  recorded  of  suffrring  from  thirst 
occurred  in  180•^.  A  caravan  proceeding  from  Timboc'oo  to  Talifet,  was 
disappointed  ir.  not  finding  water  at  the  usual  watering  places ;  when, 
horrible  to  relate,  all  the  persons  belonging  to  it,  two  thousand  in  number, 
besides  eightsen  hundred  camels,  perished  by  thirst!  Occurr?->ces  like 
this,  account  for  the  vast  quantities  of  human  and  other  bones,  which  are 
found  heaped  togf.-ther  in  various  parts  of  the  desert.  Wc  ndets  of  the 
World,  p.  2iC.  While  the  crusaders  besieged  Jerusalem,  great  numbers 
perished  of  thirst,  for  the  Turks  had  filled  tlie  wells  in  the  vicinity.  Me- 
morials of  their  sufferings  may  yet  be  found  in  the  heraltlic  bearings  of  their 
descendants.  The  charge  of  a  foraging  party  '  for  water,'  we  are  told,  "  was 
an  office  of  distinction  ;"  hence,  some  of  the  commanders  on  these  occa- 
sions, siibse(]uenfly  ad')pte'l  icatA'r  buckets  in  their  coats  of  arms,  as  em- 
blems of  their  labors  in  Palestine.  'Water  B'-ugett^js.'  feme!  part  of 
the  arms  of  Sir  Humphrey  }Jouchier,  "vho  was  slain  at  tue  battle  of  Bu* 
net,  in  1471.     Moules'  Ant.  of  Wesininster  AJ-Lcy. 
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CHAPTER    V. 

SabJKt  af  Wu.1^  coaliaaed — ^WelU  wonhippfd— River  GaB(e*-£lKr«<l  well  >l  Baum-Oiu*  to 
Iwa  at  Wdla — ^Trmdilion  of  the  Rabbiiu-AlUra  erected  ae«r  them — Invoked-Ceromuiiiee  witb  t-ttf9ri  to 
valer  ia  Egypt,  Gceace,  Peru,  Mexico,  Rome,  uid  Judea — Temple*  erected  over  wclU  -The  rniuitwi 
of  Apollo— Well  Zem  Zem — Prophet  J:>el— Temple  orbie — Mahommedon  Mimqmt — lliudoo  templea 
— •Wodeo'e  well — Welljio  Chitieae  temples-^PIiay — Celts  —GauU — Moilem  auperktitioD*  with  reflrj 
10  water  and  wella — Biodooa — Alf  eriaea — Niaeveh— Creeks— Tombs  of  lainu  oenr  wells — Sapon^i^ 
iieos  of  the  Persians— Aaglo  Saxoas — Uiadooa — Scotch — Eaf  lish— ^t.  Geaevieve's  w«ll« i^t.  Winu 
fead'i  well — House  and  well  ■  warailBf .' 

In  the  early  ages  icater  was  reverenced  as  the  substance  of  which  all 
things  in  the  universe  were  supposed  to  be  made,  and  tlie  vivifying  prin- 
ciple that  animated  the  whole ;  hence,  rivers,  fountains,  and  wells,  were 
worship)icd  and  religious  feasts  and  ceremonies  instituted  in  honor  of 
them,  or  of  the  spirits  which  were  believed  to  preside  over  them.  Al- 
most all  nations  retain  relics  of  this  superstition,  while  in  some  it  is  practi- 
sed to  a  lamentable  extent.  Asia  exhibits  the  humiliating  spectacle  of 
millions  of  her  people  degraded  by  it,  as  in  former  ages.  Shoals  of  pil- 
grims are  constantly  in  motion  over  all  Hindoston,  on  their  way  to  the 
•  sacred  Ganges ;'  their  tracks  stained  with  the  blood  and  covered  with 
the  bones  of  thousands  that  perish  on  the  road.  With  these  people,  it  is 
deemed  a  virtue  even  to  t/iink  of  this  river ;  while  to  bathe  in  its  waters 
washes  away  all  sin,  and  to  expire  on  its  brink,  or  be  suffocated  in  it,  is 
tiie  climax  of  human  felicity.  The  holy  well  in  the  city  of  Benares  is 
visited  by  devotees  from  aU  parts  of  India ;  to  it  they  offer  rice,  &c.  as  to 
their  idols. 

Fi-om  diis  sacred  character  of  water,  it  very  early  became  a  custom,  in 
order  to  rcr.der  obligations  inviolable,  to  take  oaths,  conclude  treaties, 
make  barg;aiiis,  &c.  at  wells.  We  loam  that  when  Jacob  was  on  his  way 
to  Egypt,  lie  came  to  the  "  well  of  the  oath,"  and  offered  sacrifices  to  God 
Josephus,  Ant.  ii,  7.  At  the  same  well,  his  grandfather  Abraham  conclu- 
ded a  treaty  with  Abimclech,  wliich  was  accompanied  witli  ceremonies 
and  oaths.  Gen.  xxi.  At  the  celebrated  Puteol  Libonis,  at  Rome,  oaths 
were  publicly  administered  every  morning;  a  representation  of  this  well 
is  on  tiie  reverse  of  a  medal  of  Libo.  Encyc.  Ant.  412.  It  was  believed 
that  the  "oaths  of  the  Gods"  was  also  by  water.  Univer.  His.  Vol.  iv, 
17.  The  Itiibbins  have  a  tradition  that  their  kings  were  always  anoint- 
ed by  tlse  side  of  a  fountain.  Solomon  was  carried  by  order  of  David  to 
the  'fountain  of  Gihon,'  and  there  proclaimed  king.     .Toseph.  Ant.  vii,  14. 

The  ancient  Cuthites,  says  Mr.  Bryant,  and  the  Persians  after  them,  had 
a  great  veneration  for  fountains  and  streams.  Altars  were  erected  in 
the  vicinity  of  wells  and  fountains,  and  religious  ceremonies  performed 
around  them.     Thus  Ulysses  : 

Beside  a  rountaiu's  wcred  brink,  we  raised 

Our  verdant  altan,  and  tiie  victims  blazed.  Iliad  ii,  368. 

"  Wherever  a  spring  rises,  or  a  river  flows,"  says  Seneca,  "  there  wo 
vhouid  build  altars  and  offer  sacrifices,"  and  a  thousand  years  before  Se- 
neca lived,  the  author  (.f  the  68th  Psalm  spoke  of  worshipping  God  from 
the  "  fountains  of  Israel."     The  Syracusans  heltl  great  festivals  every 
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year  at  the  fountains  of  Aretniisa,  and  they  sac. nficed  black  hulls  to  Plate 
at  the  fountain  of  Cyane.  Wells  were  sometimes  dedicated  to  particular 
deities,  as  the  oracular  fountain  mentioned  by  Pausanias,  near  the  sea  al 
Patra,  which  still  remains  nearly  as  he  described  it ;  and  having  been  re- 
dedicated  to  a  christian  saint,  "  is  still  a  sbcred  well."  Diviuatiua  by 
water,  was  practised  at  tins  well.  A  mirror  was  suspended  by  a  tlu-eaJ. 
having  its  polished  surfiice  upwards,  and  while  floating  on  the  water, 
preifiges  were  drawn  from  the  images  reflected. 

Pol^Tiices,  in  CEdipus  Coloneus,  swears  "  by  our  native  fountains  and 
oar  iiindrcd  gods."  Antigri  r,  •vL-'n  tl  r.tn  >  be  sacrificed,  appra's  to  tVo 
"fountains  of  Dirce,  and  the  grove  of  I'hebe."  Ajax  before  ne  j«ev* 
himself,  called  on  the  sun,  the  soil  of  Salamis,  and  "ye  fountains  and 
rvershere."     Trag.  of  Sophocles  lit.   trans.  1837. 

"  At  Peneas'  fount  Ariiiteus  »tood  and  bowed  with  woe, 

Breatlied  hia  deep  murinurs  to  the  nymph  below  :        Georgia  I,,  iv,  365. 

Cyrene !  thou  whom  these  fair  springs  revere." 

The  fountain  of  Aponeus,  (now  Albano)  the  birth  place  of  Livy,  was 
•n  oracular  one.  That  of  Pirene  at  Corinth,  was  sacred  to  the  muses. 
Eneas  invoked  "  living  fountains"  among  other  "  Ethereal  G-ods."  And 
old  Latinus 

"  Sought  the  shades  renowned  fur  prophecy. 

Which  near  Albuneaii'  sulphureous  fountain  lie.''  En.  vii,  124. 

Cicero  .says,  the  Roman  priests  and  augurs,  in  their  prayers,  called  on 
the  nanes  of  rivers,  brooks,  and  springs. 

Vessels  of  water  were  carried  by  the  Egyptian  priests  in  their  sacred 
processions,  to  denote  tlie  great  blessings  derived  from  it,  and  that  it  was 
the  beginning  of  all  things.  Vitruvius  says  they  were  accustomed  to 
place  a  vase  of  it  in  their  temples  w^ith  great  devotion,  and  prostrating 
themselves  on  the  earth,  returned  thanks  to  the  divine  goodness  for  its  pro- 
tection. Book  viii.  Proem.  In  the  celebration  of  tlie  Eleusinian  myste- 
ries, those  who  entered  the  temple,  washed  their  hands  in  holy  water,  and 
on  the  ninth  and  last  day  of  the  festival,  vessels  of  water  were  offered 
Mrith  great  ceremonies,  and  accompanied  with  mystical  expressions  to  the 
Gods.  Those  who  were  initiated  were  prohibited  from  ever  sitting  on 
the  cover  of  a  well.  Sojourners  among  the  Greeks  carried  in  the  religious 
processions,  small  vessels  formed  in  the  shape  of  boats  ;  and  their  daugh- 
ters v:aier  jtots  with  umbrellas.  Hob.  Ant.  Greece.  Plutarch  says, 
"JUltes  were  not  eaten  of  old,  from  reverence  of  springs." 

Among  the  ancient  Peruvians,  certain  Indians  were  appointed  to  sacri- 
fice "to  fountains,  springs,  and  rivers."  Pur.  Pil.  1076.  Holy  water  was 
placed  near  the  altars  of  the  Mexicans.  Ibid,  987.  Tlaloc  was  their  God 
of  water;  on  fulfilling  particular  vows  they  bathed  in  the  sacred  pond 
Tezcapan.  The  w^ater  of  the  fountain  Toxpalatl  was  drank  only  at  the 
most  solemn  feasts:  no  one  was  allowed  to  taste  it  at  any  other  time.  Cla- 
vigcro,  Lon.  178C,  vol.  i,  251  and  265.  The  FoiUinalia  of  the  Romans, 
were  religious  festivals,  held  in  October,  in  honor  of  the  Nymphs  of  wells 
mud  fountains;  part  of  the  ceremonies  consisted  in  throwing  nosegays  into 
fountains,  and  decorating  the  curbs  of  wells  with  wreaths  of  flowers. 

Tiie  Jews  had  a  religious  festival  in  connection  with  water,  the  oingin 
of  which  is  not  clearly  ascertained.  It  was  kep;  on  the  last  day  of  the 
feast  of  tabernacles,  when  they  drew  water  with  great  oeremony  from 
the  pool  of  Siloah  and  conveyed  it  to  the  temple.*     It  is  supposed,  the  Sa- 
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ulludcs  tn  this  pracdco,  when  on  "the  last  day,  that  great  day  of  the 
It.  lie  suhh}  and  cried,  sayini^,  if  any  man  thirst,  let  him  come  unto  me, 
■nd  dritik.     He  that  believeth  on  me,  as  the  scripture  hath  said,  eat  uf  his 
he'        '    "  ;'.-)«•  rivers  oi' living  waters."     Jolm,  vii,  37.     One  o;'  the  five 
i<.i  \als  of  the   people  of  Pegu,  is  'the  feast  of  water,'   during 

which.  '  till-  king,  nobles  anil  all  tht;  people  throw  water  upon  one  another.' 
CK'ington's  Voy.toSurat.  1689.  597.  The  sufjerstitious  veneralion  (iir  wells, 
induced  tlie  ancien.'s  to  erect  temples  near,  and  sometimes  over  them  ;  as 
the  fountain  of  ApuUo,  near  the  temple  of  Jupiter  Amnion  ;  the  well 
Ztftnzem  in  the  temple  of  Mecca,  &c.  In  accordance  with  this  prevailing 
custom,  wc  find  die  prophet  .loel  speaks  of  a  fountain  which  should  come 
forth  out  of  the  /totue  of  the  Lord,  and  water  the  valley,  iii,  IS.  And 
when  Jeroboam  Imilt  a  temple,  that  the  ten  tribes  might  not  Ije  obliged  to 
go  to  Jerusalem  to  worship,  and  there  be  seduced  fnim  him,  Jo.-<ephus 
tclU  ns,  that  he  built  it  by  the  fountains  of  tlie  lesser  Jordan.  Antiij.  viii, 
cap.  8.  In  the  tetnple  of  Isis,  at  PoiL^jeii,  tlie  'sacred  well'  has  been 
found.  Pompeii,  i,  277,  279. 

The  ancient  cuslum  of  enclosing  wells  in  religious  edifices  was  adopted 
by  both  Christians  and  Mahoramedans.  Among  the  latter  it  is  still  con 
tiuued.  and  it  is  not  altogether  abandoned  by  the  former. 

"This  afternoon,"  says  Fryer,  speaking  of  one  of  the  mosques  in  India, 
"  their  aniu-tum  tmictonim  was  open,  tlie  priest  entering  in  barefoot,  and 
proslnilinr;  himself  on  one  of  the  mats  spread  on  the  floor,  whither  I  must 
not  have  gone,  could  his  authority  have  kept  me  out.  The  walls  were 
wh.ite  nnd  dean  but  plain,  only  the  commandments  wrote  in  Arabic  at  the 
Wf>5i  end,  were  hang  over  a  talile  in  an  arched  place,  whore  the  jiriesi  ex- 
pounds, on  an  ascent  of  seven  steps,  railed  at  loo  wiili   stcuie  very   hand- 

^jami-)y.     L'nderneaib  arc  fine  cool  vaults,  and  stone  stairs  to  descend  to  a 

^^^  tanl." 
^■As  il  was  fotmerly  death  to  a  christian  who  entered  a  mosque,  we  shall 
add  a  more  recent  instance.  In  1S31,  Mr.  St.  John  disguised  himself, 
hkc  Biirckhnrdt,  in  the  costume  of  a  native,  and  visited  the  mosques  of 
Cairo.  In  tliuf  of  Sultan  Hassan,  he  observes,  "  ascenditig  a  long  High) 
of  steps,  and  passing  under  a  magnificent  doorway,  wo  ent<3red  ihe  vesti- 
bule, anil  proceeded  towards  the  ;«<>»/ jt«'.Tf</ portion  of  the  edifice,  where, 
on  stepping  over  a  small  railing,  it  was  necessary  to  take  off  our  biibooshes, 
or  red  Turkish  shoes.  Here  we  beheld  a  spacious  square  court,  paved 
with  mrirble  of  various  colors,  fancifully  arranged,  with  a  beaulilul  oc- 
tagonal marhlr  fountain  in  the  centre."  Egypt  rjid  Mohammed  Ali,  ii,  338. 
It  IS  the  same  in  Persia.  Taveni.  Trav.  Lon.  167S.  29.  The  teinplei 
of  India  says  Sonnenit,  have  a  sacred  tank,  deified  by  the  Bralimins 
The  fijTUix^s  of  god<  are  sometimes  thrown  '  into  a  tank  or  well.'  Voy.  i_ 
111,  132.  In  old  times,  churches  were  removed  from  other  buildings, 
vdA  were  surrounded  with  courts,  in  the  centre  of  which  there  were 
fountains,  where  p<;opIe  wa.shed  before  going  to  prayers,  ^lorcri  Die.  In 
one  of  the  old  churches  at  Upsal.  is  an  ancient  well,  that  had  formerly 
been  famous  '  for  its  miraculous  cures.'  Woden's  well  is  still  shown 
h»  the  »ame  city.  It  was  in  tlie  vicinity  of  the  old  temjile  of  that  great 
eorlhem  deity.  De  la  Mortraye's  Trav.  ii,  262.  Van  IJmam  noticed  a 
»f.'l  in  one  of  the  large  temples  of  China.  .Tourn.  ii,  224.  '  Sacred 
♦prings,'  are  mentioned  by  Juvenal.  3  Sat.  30.  Pliny  speaks  of  fountains 
tud  wells  of  water  as  very  '  wholesome  and  proper  lor  the  cure  of  many 
Jiisea<e9 ;'  lo  which,  he  says,  there  is  ascribed  some  divine  power,  inso- 
flMch  that  they  give  names  t<i  sur  Iry  gods  and  goddesses,  xxxi,  2,  Tha 
vepcraicd  lakes,  rivers,  and    '^unlains,  into  which  they  throw  gold 
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The  Biltong  and  Picts  did  the  same.  Scot.  Gael,  258.  Mfszeray,  in  hii 
History  of  France,  when  speaking  of  the  church  in  the  third  and  fourtr. 
centunes,  remarks,  '  Hitherto  very  few  of  the  French  }iad  received  the 
light  of  the  gospel ;  they  yet  adored  trees,  Jountaint,  serpents,  and  birds.' 
i,  4.  In  the  eighth  century,  the  council  of  Soissons  condumned  a  heretic, 
who  built  oratories  and  set  up  crosses  near  fountains,  &c.   lb.  1 13. 

Ancient  superstitions  with  regard  to  water  are  still  practised  more  or 
less  over  a  great  pa-t  of  the  world.  At  the  fii-st  new  moon  in  October, 
the  Hindoos  hold  a  great  celebration  to  their  Deities.  "  The  next  moon, 
their  women  flock  to  the  sacred  tcdli."  Fryer,  110.  Many  of  the  cere- 
monies j>erfonned  in  old  times  by  women  in  honor  of  wells  and  fountains, 
are  yet  practised  in  some  of  the  Grecian  islands.  There  the  females  stiU 
dance  round  the  wells,  the  ancient  Cal/ichorvt,  accompanied  with  songs  in 
honorof  Ceres.  Dr.  Clarke.  "  I  have  just  returned  this  morning,"  (says  Mr, 
Campbell  in  his  Letters  from  the  South,  Phila.  Ed.  1836,  102,)  "  from  wit- 
nessing a  superstitious  ceremony,  which,  though  unwarranted  by  the  Ko- 
ran, is  practised  by  all  Mahometans  here,  [Algiers]  black,  brown,  and 
white,  nay  by  the  Jews  also.  It  consists  in  sacrificing  the  life  of  some 
eatable  animal  to  one  of  the  devils  who  inhabit  certain  fountains  near  Al- 
giers. "The  victims  were  fowls,  they  were  dipped  in  the  sacred  sea,  as 
Homer  calls  it,  after  which  the  high  priest  took  them  to  a  neighboring 
fountain,  and  having  waved  his  knife  thrice  around  the  head  of  an  old  wo- 
man, who  sat  sipiatting  inside  it,  cut  their  throats,"  &c. 

The  custom  was  probably  a  common  one  in  ancient  Nineveh ;  for  once 
a  year  the  peasants  assemble  and  sacrifice  a  sheep  at  Thisbc's  well,  with 
music  and  other  festivities.  The  Greeks  are  so  much  attached  to  grolUMS 
and  wells,  that  "  there  is  scarcely  one  in  all  Greece  and  the  islands,  which 
is  not  consecrated  to  the  Virgin,  who  seems  to  have  succeeded  die  ancient 
nymphs  in  the  guardianship  of  these  places.* 

The  sup]>osea  sanctity  of  wells  also  led  to  the  custom  of  interring  the 
bodies  of  saints  or  holy  persons  near  them  ;  thus  in  all  paits  of  Egypt, 
the  tombs  t)f  saints  are  found  in  the  vicinity  of  those  places,  "  where  the 
wandering  dervishes  stop  to  pray,  and  less  pious  travelers  to  quench  their 
thirsL"  Some,  says  Fryer,  are  buried  wiUi  "  their  hiwla  iip'yyar.la,  ]ikn 
Diogenes" 

^Vors/liJ}  of  wells,  like  many  other  superstitions  of  Pagan  origin,  was 
early  incorporated  with  the  ceremonies  of  the  christian  church,  and  carried 
to  an  idolatrous  excess.  A  schism  took  place  in  Persia  among  the  Anne- 
iiians,  in  the  tenth  century ;  one  party  was  accused  of  '  despising  the  holy 
well  of  V'agarsciebat.'  In  Europe  it  was  at  one  time  universal.  In  En- 
gland, in  tlie  reigns  of  Canute  and  Edgar,  edicts  were  issued  j)rohibiting 
well  worship.  When  Hereward  the  Saxon  hero,  held  the  marshes  of 
Ely  against  the  Norman  coii<]ucror,  he  said  he  heard  his  hostess  conversing 
with  a  witch  at  midnight!  he  arose  silently  from  his  bed,  and  followed 
them  into  the  garden,  to  a  '  fountain  of  water,'  and  there  he  'heard  them 
holding  converse  with  the  spirit  of  the  fountain.'  From  a  collection  of 
Anglo  Saxon  ren.ains,  the  following  example  is  taken.  "  If  any  one  ob- 
serve lots  or  divinations,  or  keep  his  wake,  [watch]  at  any  wi'lh,  or  at 
any  other  created  things,  except  at  God's  church,  let  him  fast  three  years ; 
the  first  one  on  bread  and  water,"  &c.  In  a  Saxon  homily  against  witch- 
craft and  magic,  in  the  library  of  the  University  of  Cambridge,  it  is  said, 
"some  men  are  so  blind,  that  they  bring  their  offerings  to  iminova);!*'  rorlct 
and  also  to  trees  and  to  tcells,  as  witches  do  teach."    '•The  Hiiuloos  siil]  wor 
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iliip  stones,  trees,  and  water,  and  make  offerings  to  them.*  In  a  manu- 
•cnpt  written  in  the  early  part  of  the  fifteenth  century,  tlicro  is  a  humor* 
ous  song,  in  which  t)iere  is  an  allusion  to  this  superstition.     It  begins  thus : 

'  The  la.^t  tyine  I  the  ted  woke 
Sir  John  caght  nie  witli  a  croke, 
He  made  lue  itwere  be  bel  and  boke 
I  <ilinld  not  tel.' 

Even  so  late  as  the  seventeentli  century,  people  in  Scotland  wore  in  thf 
Lahit  of  visiting  wells,  at  which  they  performed  numerous  acts  of  super 
stition.  Shaw,  in  his  History  of  tiie  Province  of  Moray,  says  that '  lioath.er. 
customs  were  much  practistid  among  the  people,'  and  amon^  tlu^ui,  he  in- 
stances their  '  performing  pilgrimages  to  wells,'  and  '  Iniilding  chapels  to 
fountains.'*  At  the  present  time  in  some  parts  of  England,  remains  of 
well  worship  arc  preserved,  in  the  custom  of  performing  annual  proces- 
sions to  them,  decorating  them  with  wreaths  and  cliaplets  of  flowers, 
singing  of  hymns,  and  even  reading  a  portion  of  the  gospel  as  part  of  the 
ceremonies. 

These  same  customs  gave  rise  to  the  numerous  holi/  wells,  which  for 
mcrly  almunded  throughout  the  old  world,  and  the  memory  of  many  of 
which  is  still  preserved  in  names  of  towns.  In  tiie  church  of  Afintcrre, 
near  Paris,  the  birth  place  of  Saint  Genevieve,  is  a  well,  l)y  the  water  of 
which,  this  patroness  of  the  Parisians  miraculously  reslorcil  her  blind 
mofiier  and  many  others  to  sigiit !  J^reval's  Eu.  307.  Saint  Winifred's 
well  in  Flintshire,  lilng.  from  its  sacred  character  gave  natiie  to  the  town 
of  Holywell.  Mr.  Pennant  says,  the  custom  of  visiting  tlii.H  well  in  pil- 
gi-image,  and  offering  up  devotions  there,  was  not  in  his  time  entirely  laid 
<tside:  "in  the  summer,  a  few  are  to  be  seen  in  the  water,  in  deep  devo- 
tion up  to  their  chin  for  hours,  sending  up  tlieir  prayers,  or  performing  a 
number  of  evolutions  round  the  polygonal  well."  Even  so  late  as  1804, 
a  Roman  catholic  bishop  of  Wolverhampton,  took  much  pains  to  jiersuade 
tiie  W(irld,  that  an  ignorant  ]iroselyte  of  his,  named  Winifred  Wiiile  was 
miraculously  cured  at  this  well  of  various  chronic  diseases  ! 

The  custom  of  '  house-warming'  is  vt^ry  ancient ;  the  .wme  ceremonies, 
were  formerly  performed  on  the  comj)letion  of  new  wells. 


CHAPTER    VI. 

WelUcmttmnrd:  Depth  of  ancient  wells — Tn  Hindfv^n — Well  of  Tyre — Curthnfrfiiinn  wcTN— \Ve4« 
io  Greece,  Ilefcul:>neuni  and  Pompeii — \Wlli  without  ciirkf— Ancient  Iuhk  (o  prrvont  arcidrnt^  from 
ponons  and  aniraals  falling  into  them— Saffueity  and  revenue  of  an  el<>|thniM — M,vI;h — AnThrlaua 
of  Miicedoo— >ThrjcLaD  soldier  and  a  lady  at  Thebes — Wooden  covers — WvXU  in  Ju>lr:i— kenM>us  for 
not  pl«cinf  cttrltt  round  wells — Scythians — Arabs — AquiRus — Abrahimi— llex>'kiHli— l>ii\t<l — Miirdo- 
DIU4 — .MfMe*  and  th^  people  of  l-^om— Burckhardt  in  Petra — Wunmri  ofltuhuriin — tVr^i.iii  trnthtioi-* 
AH,  the  fourth  Caliph — Toverinar  wells  with  larpestone» — Mahommedan  tradition— 'rhriiii.KK'h'!! — Cdicta 
o\  fifwik  emperors — Well  at  Ileliopolia — Jurenal — Roman  and  Grecian  curbs  of  murlilc — Cuiillatii  of 
ancient  columns  converted  into  curbs  for  wells. 

A  knowledge  of  the  depth  and  other  circumstances,  rolatitif^  to  some 
ancient  wells,  is  necessary  to  a  due  investij^ation  of  the  various  mctiiods 
of  raising  water  from  them.  We  cannot  indeed  form  a  correct  judgrnrnt 
of  the  latter,  without  some  acquaintance  with  the  former. 

a  VVard\  Hindooi.  342, 352.    •»  Hone's  Every  Day  Book,  ii,  63l).  C85.  Fosbroke.  034 
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The  wells  of  Asia  are  generally  of  great  depth,  and  c  f  course  were 
•u  in  former  times.  In  Guzzerat,  tlicy  are  from  eisrhty  to  a  liuiidred  feet; 
in  the  adjoining  province  of  Mulwah,  they  are  freijueiitly  three  hundred 
feet.  In  Ajmeer,  they  are  from  one  to  two  hundred  feet.  Mr.  Klphin- 
slone  in  his  mission  to  Cabaul  observes,  '  the  wells  are  often  three  hun 
dred  feet  deep ;  one  was  three  hundred  and  forty  five  ;*  and  with  this 
enormous  depth,  some  are  only  tliree  feet  in  diameter.  The  famous  well 
of  ancient  Tyre,  'whose  merchants  were  princes,  and  whose  traffickers 
were  the  honorable  of  the  eartli,'  is,  according  to  some  travelers,  without 
a  bottom  ;  but  La  Roque,  is  said  by  Volney,  to  have  found  it  at  the  depth 
of  'six  ami  thirty  fathom.' 

Shalmanezer  besieged  this  city  of  mecTianics  for  five  years,  without 
being  able  to  take  it ;  at  last  he  cut  off  tlie  waters  of  this  well,  when  the 
inhabitants  dug  others  within  the  city;  after  which  they  held  out  against 
Nebuchadnezzar,  and  the  whole  power  of  the  Babylonian  empire  fo 
thirteen  years;  being  the  longest  siege  on  record,  except  tliat  of  Aslulod 
Jos.  Anti<j.  ix,  14.  Ancient  Carthagenian  wells  of  gifat  depth  have  l)een 
already  mentioned.  Dr.  Shaw  (Trav.  135,)  observes  of  a  trii>e  of  tlie  Ka- 
byles,  '  tlieir  country  is  very  dry,  they  have  no  fountains  or  rivulets,  and 
in  order  to  obtain  water,  tiiey  dig  wells  '  to  the  depth  of  from  oiie  to  two 
hundred  fathom.'  Jacob's  well  is  a  hundred  and  nine  feet,  and  Joseph's 
well  at  Cairo,  ni-ar  tliree  hundred  feet  deep.  The  well  Zemzcm  at  Mecca, 
is  two  hundred  and  ten  feet.  '  Exceeding  deep  wells'  in  Surat,  are  men- 
tioned by  Toreen,  in  Osbeck's  Voyage  to  China.  That  the  wells  of  Attica 
were  generally  deep,  is  obvious  from  a  provision  in  Solon's  law  respecting 
them,  by  which  a  person,  after  digging  to  the  depth  of  sixty  feet  without 
obtainini;  water,  was  allowed  to  fill  a  six  gallon  vessel  twice  a  day  at  hi« 
neighl>i)r's  well.  The  frequency  of  not  meeting  with  water  at  that  depth, 
evidently  gave  rise  to  this  provision.'  The  wells  of  Herculaiicum  and 
Pompeii,  were  probably  all  of  considerable  depth,  if  we  judge  from  those 
that  have  been  discovered. 


WELLS    WITUOtrr   CURBS. 

Another  feature  in  ancient — ]>articularly  Asiatic — wells,  was,  they  ■'.vere 
often  without  curbs  or  parapets  built  round  them;  hence  iininials  often 
fell  into  them  and  were  kil.'"d._  A  very  ancient  law  enactetl,  that,  '  if  a 
man  shall  open  or  dig  a  pit,  [a  well]  and  not  cover  it ;  and  an  ox  or  an 
ass  full  therein,  tlie  owner  of  the  pit  shall  make  it  good,  and  give  money 
to  the  owner  of  them,  and  tlie  dead  beasts  shall  be  iiis.'  Exo.  xxi,  33,  31. 
This  was  probably  an  old  Phenician  and  Egy]ilian  law  which  the  !»• 
raelites  adopted  from  its  obvious  utility.  Josophus'  account  of  it  is  more 
explicit :  '  let  those  that  dig  a  well  or  a  pit,  be  careful  to  lay  jilanks  over 
them,  and  so  keep  tliem  shut  up,  not  to  hinder  persons  from  drawing  wa- 
ter, but  tliat  there  may  be  no  danger  of  falling  into  them.'  Anliq.  iv 
8.  Numerous  examples  of  the  utility  of  such  a  law  might  be  produced 
from  oriental  histories.  Bcnaiah,  one  of  the  three  famous  warriors  of 
David,  wlio  broke  through  die  hosta  of  the  Philistines  and  drew  water 
for  him  out  of  the  well  of  Bethleliem,  'slew  a  lion  in  the  midst  of  a  pit  in 
the  time  of  snow.'  Sam.  xxiii,  20  :  from  Josephus,  this  appears  to  have 
been  one  of  the  ordinary  wells  of  the  country,  which  having  no  curb, 
had  been  left  open,  and  the  'lion  slipped  and  fell  into  it.'     Aiitiq.  vii,  12. 

•  On  our  way  back  to  the  town,  we  saw  a  poor  ass  dying  in  a  pit,  into 

•  Plutarch's  Life  o(  Solon. 


Chap.  6.J  Wellt  without  Cur6i.  39 

which  lie  had  fallen  with  his  legs  tied,  that  be-ng  the  practice  of  the  Arabs 
when  tlioy  send  out  these  animals  to  feed.'*  The  custom  of  the  Aralis  in 
this  respocl  has  probably,  like  many  others,  ur.dergone  no  change.  Itex- 
l>huiis  tlie  necessity  of  the  law  in  Exodns,  as  ,]uoted  above. 

As  two  eli'phant  drivers,  each  on  his  elef  larit,  one  of  which  was  re- 
markably large  and  powerful,  and  the  othe'  small  and  weak,  were  ap- 
proacliii:g  a  well,  the  latter  carried  at  thj  end  of  his  proboscis  a  bucket 
by  which  to  raise  the  water.  The  large-  animal  instigated  by  his  driver, 
(who  was  not  provided  with  one,)  seized  and  easily  wrested  it  from  the 
weaker  elephant,  which,  though  unable  to  resent  the  insult,  obviously  felt 
it.  At  length,  watching  his  opportunity  when  the  other  was  standing  amid 
the  crowd  with  his  side  to  the  well,  he  retired  backwards  in  a  very  quiet 
and  unsuspicious  manner,  and  then  rushing  forward  with  all  his  might, 
•Irove  his  head  against  the  side  of  the  robber,  and  fairly  pushed  him  into 
the  well — Uic  surface  of  the  water  in  which,  was  twenty  feet  below  the 
level  of  the  ground. 

But  animals  w<;re  not  the  only  sufferers : — There  are  passages  in  an- 
cient authors  which  indicate  the  loss  of  human  life  both  accidentally  and 
by  design,  in  consequence  of  the  absence  of  curbs  to  woUs.  Thus  Hylas 
who  accompanied  Kercules  on  the  Argonautic  expedition,  went  ashore  to 
draw  water  from  a  well  or  fountain,  and  he  fell  in  and  was  drowned. 
Virgil  rei)resents  the  companions  of  Hylas  after  missing  him,  as  spread- 
iof  tliomselves  along  the  coast  and  loudly  repeating  his  name  : 

.\nd  Hylas,  whom  his  messmntes  loud  deplore, 
While  Ilylas!  Hylas!  rings  from  ull  the  sliore. 

£c.  vi,  48.     Wrangham. 

Archclaus  of  Macedon,  a  contemporary  of  Socrates,  ascended  the  throne 
i»y  the  most  horrid  crimes.  Among  others  whom  ho  murdered,  was  his 
nwn  brother,  a  lioy  only  seven  years  old.  He  threw  his  body  into  a  well, 
and  entieavored  to  make  liis  mother  believe  thai  the  child  fell  in,  '  as  he 
was  running  alter  a  goose.'     Bayle. 

Wlien  Alexander,  like  a  demon,  destroyed  the  city  of  Thebes,  (the  ca- 
pital of  one  of  the  States  of  Greece,)  and  murdered  six  thousand  of  its 
inhabitants,  a  party  of  Thracian  soldiers  belonging  to  his  army  demolished 
thehonseofTimodca,  a  lady  of  distinguished  virtue  and  honor.  The  soldiers 
carried  off  the  booty,  and  their  captain  having  violated  the  lady,  asked 
her,  if  she  had  not  concealed  some  of  her  treasures:  she  told  him  she 
had,  and  takini;  him  alone  with  her  into  the  garden,  she  showed  him 
a  well,  into  which  she  said  she  had  thrown  every  thing  of  value.  Now 
we  an;  told,  that  as  he  stooped  down  to  look  into  tlie  well,  this  high  spi 
rited  and  much  injured  lady  pushed  him  in,  and  killed   him  with  stones.'' 

From  these  accounts,  it  appears  that  wells  belonging  to  ])rivate  houses  in 
••incient  Greece,  were  sometimes  without  curbs,  although  they  probably  had 
f)ortalile  or  tcooih'n  covers.  That  these  were  common,  is  evident  irom  a  pas 
sage  already  quoted  from  Josephus ;  and  the  remains  of  one  have  been 
discovenjd  in  Pompeii.'  The  private  well  mentioned  in  2  Sam.  xvii,  18, 
had  no  curb.  Indeed  it  is  evident  from  the  New  Testament,  that  tlie  an- 
cient custom  of  leaving  the  upper  surface  of  wells  level  with  the  ground, 
prevailed  among  die  Jews,  tijrough  the  whole  of  their  history,  from  their 
indeTondence  as  a  nation,  to  their  final  overthrow  by  Titus.  '  What  man 
UDong  you  having  one  sheep,  if  \tfaU  into  a  pit  on  the  sabbath  day,  will 


•9t  John's  Egypt,  i,  354.    ''Plntsrch'i  Life  of  Alexander.    'Pompeii,  ii,  804. 
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he  not  lay  hold  of  It  aud  lift  it  out !'  Matt,  xii,  11.  And  again  in  Luke, 
'  wliicli  ol'  you  shall  liavc  an  ass,  or  an  ox  fallen  into  a  pit,  and  will  not 
■traigiitway  pull  liiin  out  on  the  sabbath  day.'  xiv,  5. 

In  those  passages,  which  are  parallel  to  those  quoted  from  Exodus  and 
Jost'phus,  the  word  '  pit'  is  synonymous  with  '  well.'  In  Antitj.  vii,  ]  'i, 
'  the  well  of  Bethlehem,'  is  called  a  '  pit.'  Wells  without  -urbs  are  met 
witli  in  Judca  and  the  east  generally,  at  the  present  time,  dlttiouirh  they 
are  not  so  numerous  as  formerly.  Mr.  Stephens,  in  his  '  Incidents  of 
Travel,'  observed  on  the  road  to  Gaza,  'two  remarkable  wells  of  the  very 
best  Roman  workmanship,  about  fifty  feet  deep,  lined  with  large  hard 
stones,  as  firm  and  perfect  as  on  the  day  on  which  they  were  laid;  the  up- 
permost layer  on  the  top  of  the  well,  '  was  on  a  level  with  the  pavement." 
In  .-iomo  illustrations  of  the  Book  of  Genesis,  execnti-d  in  the  fourtli  o: 
fiftli  ceiiiury,  one  represents  the  interview  between  Rebecca  u.  J  ElieLer; 
the  wv-dl  is  square,  and  the  curb  but  a  few  inches  high. 
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The  motives  which  induced  the  ancients  to  leave  their  wells  wittioat 
curbs  were  various: 

1.  That  they  might  be  more  readily  conecalcd.  This  was  a  universal 
custom  in  times  of  war.  When  Darius  invaded  Scythia,  the  inhabitants 
did  not  attem))t  an  open  resistance,  but  covered  np  tiieir  wells  and  springs 
and  retired.  Herod,  iv,  ISiO.  Mr.  Klpliinstoiie,  in  his  mission  to  Cabaul, 
says,  the  people  'have  a  mode  of  covering  their  wells  witli  boards,  heaped 
with  sand,  that  cflectually  conceals  them  from  an  enemy.'  Diodorus  Si- 
culus,  remarked  the  same  of  the  Bedouin  Arabs,  eighteen  centuries  ago, 
and  they  still  practise  it.  Travelers  in  the  Lybian  desert  are  ofttm  six  aud 
seven  days  without  water,  and  freijiiently  perish  for  want  of  it ;  'the 
drifting  sand  having  covered  the  WK7r/.«of  the  wells.'''  AV'ells,  when  thus  con- 
cealed '  can  only  l»e  found  by  persons  whoso  profession  it  is  to  pilot  cara- 
vans across  this  ocean  of  sand,  and  the  sagacity  with  which  those  men  per- 
form their  duty  is  wonderful  ;'  like  pilots  at  sea  with  nothing  but  tlie  stars 
to  direct  them. 

2.  To  prevent  them  from  being  poisoned  or  filled  up,  both  of  which 
frequently  occurred.  The  Roman  General  Aijuilius  con()uored  the  cities 
of  the  kingdom  of  Pergamus,  one  by  one,  by  poisoning  the  waters.  This 
horrid  crime  has  always  prevailed.  In  1320,  many  .Tews  were  burnt  in 
France,  while  others  wore  massacred  by  the  infuriate  people,  under  the 
belief  that  they  had  poisoned  the  wells  and  fountains  of  Paris.  The  Earl 
of  Savoy  was  poisoned  in  this  manner  in  1384,  and  the  practice  was  com- 
mon in  the  fifteentii  century.*  Some  of  the  wells  belonging  to  Abraham, 
were  stopped  up  by  the  inhabitants.  '  And  Isaac  digged  asrain  the  wells 
of  water,  which  they  had  digged  in  the  days  of  Abraham  his  father,  for 
the  Philistines  had  stopped  them,  after  the  death  of  Abraham.'  Gen.  xxvi, 
18.  '  Wo  walked  on  some  distance  to  a  well,  which  we  found  yi/rt  of 
tatul ;  Hiwsein  scooped  it  out  with  his  hands,  when  the  water  rose  and 
all  of  us  drank.'  Lindsay's  Trav.  Let.  7.  When  the  Assyrians  undet 
Senacherib,  invaded  Judoa  in  the  eighth  century,  B.  C.  '  Hezekiah  took 
counsel  with  his  princes  and  mighty  men,  to  stop  the  waters  of  the  foun- 
tains which  were  tcithout  the  city  •  and  they  slopped  all  the  fo'jiitains 
saying,  why  should  the  king  of  Assyria  cotne  here  and  find  much  water  1' 
2  kings,  iii,  19.  25. 

•Vol.  ii,  101,  and  Lindsay's  Trav.  Let.  9.    '•Ogilvv's  Africa, 281. 
<Mezeray'B  France      Lou.  1633.  pp.  349,  406,  414'. 
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Tlie  custom  of  leaving  the  principal  supply  of  water  witlioiit  tne  walls 
of  the  more  ancient  cities,  is  remarkable ;  and  the  reason  for  it  has  nol 
yet  been  satisfactorily  explained.  The  water  whicli  supplied  Alba  Longa, 
lay  in  a  very  deep  glen,  and  was  therefore  scarcely  defunsililu  ;  but  the 
springs  of  the  Scamander  at  Troy,  of  Enncacrunus  at  Athens  ;  of  Dirce 
at  Thebes,  and  innumerable  others,  prove  that  such  instances  were  com- 
mon.' When  David  waged  war  against  the  Ammonites,  his  success,  ac- 
cording to  Josephus,  was  chiefly  owing  to  liis  general  cutting  off  their 
waters,  and  especially  those  of  a  particular  well.  Antiq.  vii,  1.  Mardo- 
uius  stopped  up  the  Gargaphian  fountain,  which  supplied  the  Grecian  ar- 
my with  water,  an  pct  wnich  brought  on  in  its  vicinity,  the  famous  battle 
of  Platea,  in  which  iie  was  slain,  and  the  power  of  Persia  in  Greece 
finally  prostrated.  A  remarkable  Instance  of  the  labor  and  ])ers<!verance 
of  ancient  soldiers,  in  cutting  off  a  well  or  fountain  from  besieged  )>laces, 
is  given  by  Caesar  in  his  Commentaries  on  the  War  in  Gaul,  viii,  33. 

3.  To  prevent  the  water  from  being  tlolen;  which  could  scarcely  have 
been  prevented  at  wells  with  curbs,  for  they  could  not  then  have  been  con- 
cealed. We  must  bear  in  mind  that  the  extreme  scarcity  of  water  in  the 
east,  reijuired  a  vigilant  and  parsimonious  care  of  it ;  and  hence  continual 
ijuarrels  arose  from  attemj)ts  to  purloin  it,  or  to  take  it  by  force.  '  And 
tile  herdsmen  of  Gerar  did  strive  with  Isaac's  herdsmen,  saying,  the 
water  is  ours.'  Gen.  xxvi,  20.  This  kind  of  strife,  says  Dr.  Richardson, 
between  the  different  villagers,  still  exists,  as  it  did  in  the  days  of  Abra- 
ham and  Lot.  It  was  customary  for  shepherds  to  seize  on  the  wells  !«• 
fore  others  came,  lest  there  should  not  be  sufficient  water  for  all  their 
flocks,  and  it  was  at  an  occuirence  of  this  kind,  that  Moses  first  became  ac- 
quainted with  Zipporah  and  her  sisters.  Jos.  Antif|.  ii,  11.  "  N<!arly  six 
hours  beyond  the  ruined  town  of  Kouniou,.and  two  beyond  the  dry  Iwid 
of  a  small  stream  called  El  Gerara,  [the  brook  of  Gerar  ?\  w<!  wore  sur- 
prised at  finding  two  large  and  deep  wells,  beautifully  built  of  licwti  stone 
The  uppermost  course,  and  about  a  dozen  troughs  for  watering  caltlo  dis- 
posed round  them,  of  a  coarse  white  marble  ;  they  wen-  evidently  cot.-val 
with  the  Romans.  Quite  a  patriarchal  scene  j)resentcd  itself  as  we  drew 
near  to  the  wells  ;  the  Bedouins  were  watering  their  flocks ;  two  nK-n  at 
each  well  letting  down  the  skins  and  pulling  them  up  again,  with  almost 
ferocious  haste,  and  with  quick  savage  shouts."   Lindsay's  Trav.  Let.  9. 

The  scarcity  of  \%-ater  in  tliose  countries  lias  from  the  remotest  times 
made  it  an  object  of  merchandvie. — "  Ye  shall  also  buy  water  of  tlieni  for 
money  that  ye  may  drink."  Deut.  ii,  C,  28.  And  Jeremiah — "  we  have 
drunken  our  water  for  money."  Lam.  v,  4.  See  Ezekiel,  iv,  IG,  17. 
This  value  of  water  may  be  perceived  in  the  negotiation  of  Moses  with 
the  king  of  Edom,  for  a  passage  through  that  country.  He  pledged  him- 
Bclftliat  Ills  countrymen  would  not  injure  the  fields  or  the  vineyards; 
•neither,"  says  he,  "will  we  drink  of  the  waters  of  the  wells;"  and  in  a 
«ub-«;quent  proposition,  he  adds,  "  if  I  and  my  cattlj  drink  of  thy  waters, 
then  I  will  j>aij  for  it."  Num.  xx,  17,  19.  It  is  we  think  evident  from 
die  text,  that  the  great  quantities  of  water  which  such  a  host  would  re- 
quire, was  the  principal  objection  urged  by  the  people  of  Edoi  i ;  they 
were  afraid,  and  very  naturally  too,  that  a  million  of  souls  might  drain  all 
their  wells  while  j)assing  through  the  land,  a  calamity  that  might  prove 
fata!  to  themselves.  Brooks  and  rivers,  were  dried  up  by  the  army  of 
Xerxes  as  lie  advanced  tov/ai-Js  Greece. 

It  may  be   observed  heic,  that  whei  in  1811,  Burckhardt  discovered 

■  Geir*  Topography  of  Rome,  i,  34. 
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Petra,  die  long  lost  capital  of  Edom,  an  intoiisc  interest  was  cxcituj 
among  the  learned  men  of  Europ*!,  and  several  hastened  to  l)phold  the 
most  extraordinary  city  of  the  world ;  a  city  excavated  out  of  the  rockH, 
whose  origin  goes  back  to  the  times  of  Esau,  the  '  fatiier  of  Edoin,"  and 
which  had  for  more  tlian  a  thousand  years,  been  completely  lost  to  the 
civilized  world.  But  the  natives  swore,  as  in  tlie  times  of  Moses,  they 
should  not  enter  their  country,  nor  dri/ik  of  their  water,  and  they  threatened 
to  shoot  them  like  dogs,  if  they  attempted  it.  It  was  with  much  diiliculty 
and  danger,  that  Burckhardt  at  length  succeeded  in  obtaining  a  glimpse 
of  this  singular  city.  He  was  disj^ised  as  an  Arab,  and  passed  under  the 
name  of  Sheik  Ibrahim.  The  difficulty  and  danger  of  a  visit  to  Petra 
is  now  however  in  a  great  measure  removed  by  tJio  prewnt  Pasha,  Ma- 
homtned  Ali. 

From  liie  custom  of  concealing  many  ancient  wells,  we  learn  the  im- 
portant fact,  that  machines  for  raismg  the  water  could  not  have  been  at- 
Utched  to,  or  permaneutl ;/  placed  near  them.  As  these,  as  well  as  curbs 
or  parapets  projecting  above  tlie  ground,  would  have  betrayed  to  ene- 
mies and  strangers  their  location.  When  the  woman  at  Bahurim  secreted 
David's  spies  in  the  well  belonging  to  her  house,  and  "  spread  a  covering 
over  the  well's  mouth,  and  spread  ground  corn  thereon;"  2  Sam.  xvii,  19, 
.her  device  coidd  not  have  succeeded,  if  a  curb  had  enclosed  its  mouth, 
or  if  any  permanent  machine  had  been  erected  to  raise  the  water  from  it, 
as  these  would  have  indicated  the  well  to  the  soldiers  of  Absalom,  who 
wouU  certainly  have  examined  it,  because  wells  were  frequently  used 
as  hiding  places  in  those  days.  There  is  a  tradition  in  Persia  that  one  of 
the  Armenian  patriarchs,  was  concealed  several  years  in  a  well,  during 
the  persecution  of  the  Christians  under  Dioclesian  and  Maximinian  ;  ana 
was  '  privately  relieved  by  the  daily  charity  of  a  poor  godly  womaii.' 
Fryer,  271. 

Wiien  Ali  the  fourth  Caliph  of  the  Arabians,  marched  with  ninety 
thousand  men  into  Syria,  the  army  was  in  want  of  water.  An  old  hermit, 
whose  cell  was  near  the  camp,  was  applied  to  ;  he  said  he  knew  but  of 
one  cistern,  which  might  contain  two  or  three  buckets  of  water.  The 
Caliph  re))lied  that  the  ancient,  patriarchs  had  dug  wells  in  that  neighbor- 
hood. The  hermit  said  tliere  was  a  tradition  of  a  well  whose  mouth  wa« 
closed  by  a  stone  of  an  enormous  size,  but  no  person  knew  where  it  was. 
Ali  caused  his  men  to  dig  in  a  spot  which  he  pointed  out,  and  not  far  from 
the  surface,  the  mouth  of  the  well  was  found.* 

Where  wells  were  too  well  known  to  be  concealed,  as  those  in  the 
neighborhood  of  towns,  villagca,  &c.  they  were  sometimes  secured  by 
large  stones  placed  over  them,  which  required  the  combined  strength 
of  several  ]>ersons  to  remove.  '  A  great  stone  was  upon  the  well's  mouth; 
and  they  rolled  the  stone  from  the  well's  mouth  and  watered  the  sheep, 
and  put  the  stone  again  upon  the  well's  mouth.'  Gen.  xxix,  2,  3.  The  Ma- 
hommedans  have  a  tradition  tliat  the  well  at  which  Moses  watered  the 
fiocks  of  his  father-in-law,  was  covered  by  a  stone  which  required  several 
men  to  remove  it.  It  is  indeed  obvious  large  stones  only  could  have  been 
used,  for  small  ones  could  not  extend  across  the  wells,  tvhich  were  fre- 
quently of  large  diameter.  Jacob's  well  is  nine  feet  across,  and  some 
were  larger  'j'he  curb  round  the  well  Zemzem  at  Mecca,  is  ten  feet  in 
diameter.  "  Another  time  we  passed  an  ancient  well,"  says  Lindsay,  Let- 
10,  "  in  an  excursion  from  Jerusalem  to  Jericho  and  the  Dead  Sea,  its 
mouth  sealed  with  a  large  stone,  with  a  hole  in  the  centre,  through  which 
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we  threw  a  pebble,  out  there  was  no  water,  and  we  should  have  been 
gorry  had  there  been' any,  for  our  united  strength  could  not  have  removed 
the  soal." 

Notwithstanding  the  precautions  used,  shepherds  were  often  detected 
in  fraudulently  watering  their  flocks  at  their  neighbors'  wells,  to  prevent 
which,  locks  were  used  to  secure  the  covers.  These  continued  to  be 
used  till  recent  times.  M.  Chardin  noticed  them  in  several  parts  of  Asia. 
The  wells  at  Suez,  according  to  Niebuhr,  are  surrounded  by  a  strong 
wall  to  kfiep  out  the  Arabs,  and  entered  by  a  door  '  fustenod  with  enor- 
mous clataps  of  iron.'  In  Greece  as  in  Asia,  those  wave  Ji/icd  who  stole 
water.  When  Themistoclos  during  his  banishment  was  in  Sardis,  he  ob- 
served in  the  temi)le  of  Cybele  a  female  figure  of  brass,  culled  '  Hydro 
pAorus'  or  Water  iiearer,  which  he  himself  had  caused  to  be  made  and 
dedicated  out  of  the  Jincs  of  such  as  had  stolen  the  water,  or  diverted  the 
stream.*  One  of  tiie  Greek  emperors  of  Constantinojile  issued  an  edict 
A.  D.  404,  imposing  a  fine  of  a  pound  of  gold  for  every  oawce  of  water 
surreptitiously  taken  from  the  reservoirs.*  And  a  more  ancient  ruler  re- 
marked that '*?«/<;«  icrt/*/-»  are  sweet.'  Proverbs,  ix,  17.  The  ancient 
Peruvians  had  a  similar  law. 

Curbs  or  parapets  were  generally  placed  round  tlie  mouths  of  wells  in 
the  «/je»  of  Greece  and  Rome,  as  appears  from  many  of  them  preserved  to 
the  present  time,  as  well  as  those  discovered  in  Pom|ieii  and  Herculaneum. 
The  celebrated  mosaic  pavement  at  Preneste,  contains  the  representation 
of  an  ancient  well ;  by  some  authors  supposed  to  be  the  famous  fountain 
of  Hellopolis.  Montfaucon  and  Dr.  Shaw  have  given  a  figure  of  it.  The 
curb  is  represented  as  built  of  brick  or  cut  stone.  Curbs  were  generally 
massive  cylinders  of  marble  and  mostly  formed  of  one  block,  but  some- 
times of  two,  cramped  together  with  iron.  Their  exterior  resembled 
round  altars.  Those  of  the  Greeks  were  ornamented  with  highly  wrought 
sculptures  and  were  about  twenty  inches  high.  Roman  curbs  were  ge- 
nerally plain,  but  one  has  been  found  in  the  street  of  the  Mercuries  at 
Pompeii,  beautifully  ornamented  with  triglyphs.  To  these  curbs  Juvenal 
appear-  'o  allude  : 

On!  how  much  more  devontly  should  we  clin^ 

To  thoiightii  tliat  hover  round  the  sacred  spring. 

Were  it  still  margined  witli  iL<  native  greeu, 

And  not  a  marble  near  the  spot  were  seen.  Sut.  iii,  30   Budham. 

That  Roman  wells  were  generally  protected  by  curbs,  appears  also  from 
a  renrark  of  the  elder  Pliny  :  "  at  Gades  the  fountain  next  to  the  temple  of 
Hercules,  is  enclosed  about  like  a  well."  B.  ii,  97.  Dr.  iSliaw  mentions  se- 
veral Roman  wells  with  corridors  round,  and  cupolas  over  them,  in  various 
parts  of  Mauritania.  Trav.  237.  Mr.  Dodwell  describes  the  ricl  curb  of 
a  Corinthian  well,  ten  figures  of  divinities  being  carvi-d  on  it.  S  .ch  deco- 
rations he  says  were  common  to  the  sacred  wells  of  Greece. 

In  various  parts  of  Asia  and  Egypt,  the  finest  columns  have  been  bro- 
ken and  hollowed  out  to  serve  as  curbs  to  wells ;  and  in  some  instances, 
the  capitdU  of  splendid  shafts  may  be  seen  appropriated  to  the  same  pur- 
pose. Although  such  scenes  are  anything  but  pleasantVo  the  enlightened 
traveler,  the  preservation  of  valuable  fragments  of  antiijulty  has  been  se- 
cured by  these  and  similar  applications  of  them.  Tliey  certainly  are  less 
subject  to  destruction,  as  curbs  of  wells,  than  when  (employed,  like  the 
fine  Corinthian  capital  of  Parian  marble,  which  Dr.  Shaw  observed  at 
Arzcw,  '  as  a  block  for  a  blacksmith's  anvil.'  Trav.  29,  30. 
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CHAPTER     VII, 

HrVlbroRcluJeil:  DcKriplion  of  Jacub'i  well— Of  Z«nzem  il  Mrcea— Of  Jwrph's  acll  :.l  Cairo— 
R  A«ctioD4  on  vrlU—OMot  Ri»nuin«DU  ezujit — VVcllt  at  Elitn — Retli>heai — Co — Scyrm — llfliopoli* 
— f«rw|toIu — J*TU»<lffiii — Troy — K|ilieru*— Tailnor — Mixn — Sarc»pti.-i;ivmpln\rriaa  «alerib»troiifiu 
■  -filoae  coffin  of  Ki«:lianl  III  u««d  at  ou<r — Ancirnt  AmericaB  »c!') — l:.i'icalr  ihr  eiitteiu-^  iniiatltuaet 
*4  a  more  rcfiu<>i]  people  than  lh<*  pr«»«ut  red  nen — Their  exa;uiti.i:ioD  ilesirmble — ^Mi^ht  fttrni#h  (lik« 
|L«  welta  at  Atbeu«,)  important  data  of  former  ajec 

A  description  of  some  celeljKitcJ  wells  may  here  be  insorted,  as  we 
sliall  have  occasion  to  refer  to  tliem  hereafter.  Jacob'*  tci'i,  is  one  of 
the  most  ancitnit  and  interesting'.  Through  a  period  of  thirty-five  cen- 
turies it  has  been  used  by  that  patriarch's  descendants,  and  distinguished 
by  his  name.  This  well  is,  as  eve'y  reader  of  scripture  knows,  r.r;u-  Sv- 
oh.ar,  the  ancient  Shechein,  on  the  road  to  Jerusalem,  and  has  been  visited 
by  j)ilirrims  in  all  aires.  Lons  l)efore  the  christian  era,  it  was  irreritlv  rc- 
veied,  and  subsequently  it  has  been  celebrated  on  account  of  the  inter- 
view which  the  Savior  had  with  the  woman  of  Satnaria  near  it.  Its  lo- 
cnlion  accordinp:  to  Dr.  Clarke  is  so  distinctly  marked  by  the  Evancelist 
and  so  littlt!  liable  to  uncertainty  from  the  circumstances  of  the  well  itself, 
and  the  features  of  the  country,  that  if  no  traditiim  existed  for  its  identity, 
the  site  of  it  could  hartlly  be  mistaken. 

Tlu;  date  of  its  construction  may,  for  aucrht  that  is  known  to  tlie  con 
trary,  extend  far  beyond  the  times  of  Jacob;  for  we  are  not  informed  that 
n  was  tligirtrd  by  liim.  As  it  is  on  land  v.-hich  he  purchased  (or  a  residence, 
"  <if  the  soiii  of  Hamor  the  fathei"  of  Shechem,"  and  was  in  the  vicinitv 
of  a  Canaa:i;tisli  town;  it  may  have  been  constructed  by  the  forme* 
owners  of  tlie  soil,  and  probably  was  so.  The  woman  of  Saimiriu  when 
conversing  with  the  Savior  respecting  it,  asks  *  Art  thou  greater  than  our 
father  Jacob  who  gare  us  the  well,  and  drankthereof  himself',  his  children 
and  cattle?"  John,  iv,  12.  She  does  not  say  he  dug  it.  This  famous 
Nvell  is  one  hundred  and  fire  feel  deep,  and  nine  feet  in  diameter,  and  when 
Maund-rell  visited  it,  it  contained  fifteen  feet  of  water.  Its  great  an- 
tiquity will  not  appear  very  extraordinary,  if  we  reflect  that  it  is  bored 
through  the  solid  rock,  and  therefore  could  not  be  destroyed,  except  by 
an  earthquake  or  some  other  convulsion  of  nature ;  indeed  wells  of  this 
description,  are  the  most  durable  of  all  maii's  labors,  and  may,  for  aught 
we  know,  last  as  long  as  the  world  itself. 

The  well  Zemzem  at  Mecca,  may  be  regarded  as  another  very  ancient 
one.  It  is  considisred  by  Mahometans  one  of  the  three  holiest  things  in 
the  world,  and  as  the  source  whence  the  great  progenitor  of  the  Aralx 
was  refreshed  when  he  and  his  mother  left  iiis  father's  house.  "  Slu;  saw 
a  well  of  water,  and  she  went  and  filled  the  bottle  with  watvr  and  gave 
the  lad  to  drink."  Gen.  xxi,  19.  This  well,  the  Caaba'  and  the  l.'jack 
etoni%»  were  connected  with  the  idolatry  of  the  ancient  Arabs,  centuries 
before  the  time  of  Mahomet.  The  Caaba  is  said  to  have  been  built  liy 
Abraham  and  Ishmael,  and  it  is  certain  that  t..eir  names  have  been  con- 
nected witli  it  from  the  remotest  ages.     Diodorus   Siculus,  mentions  it  ai 

>  This  stone  like  those  of  the  Hindoos  and  th«  one  mentioned  iu  Acta  xil.  "ftO 
dowu  lirom  heaveu'  and  is  probably  a  meteorite. 
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being  held  in  great  venem.  on  by  the  Arabs  in  his  time.  [50,  B.  C]  The 
ceremonies  still  performed,  of  "  encircling  the  Caaba  seven  times,  kissing 
the  black  stone,  and  drinking  of  the  water  of  the  well  Zemzem,"  by  tha 
pilgrims,  were  practices  of  the  ancient  idolaters,  and  which  Mahomet,  as  an 
adroit  politician,  incorporated  into  his  system,  when  unable  to  repress 
them.  The  conduct  of  the  pilgrims  when  approaching  this  well  and 
drinking  of  ns  water,  has  direct  reference  to  tjiat  of  Hagar,  and  to  her 
feelings  when  searching  for  water  to  preserve  the  life  of  her  expiring 
son. 

If  we  reflect  on  the  infinite  value  of  wells  in  Syria — on  the  jealous  care 
with  which  they  have  always  been  preserved — that  while  they  afforded 
good  water,  they  could  never  be  lost — that  Mecca  is  one  of  the  most  an- 
cient cities  of  the  world,  the  supposed  Mesa  of  the  scriptures,  Gen.  x,  30, 
— anil  that  this  well  is  the  only  one  in  the  city,  whose  waters  can  be 
drank : — we  cannot  but  admit  the  possibility  at  least,  that  it  is  the  identi- 
cal one,  as  tlie  Arabs  contend,  of  whose  waters,  Ishmael  and  his  mother 
partook. 

We  are  not  aware  that  any  modem  author  has  had  an  opportunity  of 
closely  examining  it ;  it  being  death  for  a  christian  to  enter  the  Caaba. 
Burckhardt  visited  the  "emple  in  the  disguise  of  a  pilgrim,  but  we  believe 
he  had  not  an  opportunity  to  ascertain  any  particulars  relating  to  its  depth, 
Slc.  Purchas,  quoting  Barthemaj  who  visited  Mecca  in  LOOS,  says  it  is 
"three  score  and  ten  yards  deepe,"  [210  feel,]  "thereat  stand  sixe  or 
eight  mpn,  appointed  to  draw  water  tor  the  peojde,  who  after  their  seven- 
fold ceremonie  come  to  the  brinke,"  &c.  Pil.  p.  306.  In  Crichton's  His- 
tory of  Arabia,  Ed.  1833.  Vol.  ii,  218,  this  well  is  said  to  be  iilty-»ix  feet 
to  the  surface  of  the  water.  The  curb  is  of  fine  white  marble,  five  feet 
high,  and  seven  feet  eight  inches  in  its  mtcrior  diameter.  In  the  317th  year  of 
the  Hegira,  the  Karmatians  slew  seventeen  thousand  pilgrims  within  the  cir- 
cumference of  the  Caaba,  and  filled  this  famous  well  with  the  dead  bo- 
dies;— they  also  carried  off  the  Black  Stone. 

Joseph's  well. — The  most  remarkable  well  ever  made  by  man,  is  Jo- 
isejjh's  well  at  Cairo.  Its  magnitude,  and  the  skill  displayed  in  its  con- 
struction, which  is  perfectly  unique,  have  never  been  surj)assed.  All 
travelers  have  spoken  of  it  with  admiration. 

This  stuDcndous  well  is  an  oblong  square,  twenty-four  feet  by  eighteen; 
oeing  sufficiently  capacious  to  admit  within  its  mouth  a  moderate  sized 
house.  It  is  excavated  (of  these  dimensions,)  through  soiiJ  rock  to  the 
depth  of  one  hundred  and  sixty-five  feet  where  it  is  enlarged  into  a  capa- 
cious cliaml>cr,  in  the  bottom  of  which  is  formed  a  basin  or  reservoir,  to 
receive  the  water  raised  from  below,  (for  this  chamber  is  not  the  bottom 
of  the  well.)  On  one  side  of  the  reservoir  another  shaft  is  contiiuiod,  one 
hundro<l  and  thirty  feet  lower,  where  it  emerges  through  the  rock  into  a 
bed  of  grav(!l,  in  whicii  the  water  is  found.  'J'he  whole  depth,  l>eing  two 
hundred  and  ninety-seven  feet.  The  lower  shaft  is  not  in  the  same  ver- 
tical line  with  the  upper  one,  nor  is  it  so  large,  being  fifteen  feet  by 
nine.  As  the  water  is  first  raised  into  the  basin,  by  means  of  ma- 
chinery propelled  by  horses  or  oxen  wilhin  the  c/iamfier,  't  may  bo 
•aked,  how  are  tliese  animals  conveyed  to  that  depth  in  this  tiomendous 
pit,  and  by  what  means  do  they  ascend  ]  It  is  the  solution  tf  this  prob- 
lem that  renders  .Joseph's  well  so  peculiarly  interesting,  and  which  indi- 
cates an  advanced  state  of  the  arts,  at  the  period  of  it.s  construction. 

A  spiral  passage-way  is  cut  through  the  rock,  from  the  surlace  of  the 
ground  to  the  chamber,  independent  of  the  well,  round  which  it  winds 
with  so  gentle  a  descent,  thnt  persons  sometimes  ride  up  or  down  upon 
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asses  or  mules.  It  is  six  feel  four  in- 
ches wide,  and  seven  feel  two  inchei 
higii.  Between  it  and  tlie  interior  of 
tlie  well,  a  wall  of  rock  is  k-ft,  to  pro- 
vent  persons  fulling  into,  or  even  look- 
ing down  it,  (w  liicl)  in  some  cases  would 
be  equally  fatal,)  except  through  certain 
openings  or  windows,  liy  means  of  \n  liich, 
it  is  faintly  lighted  from  the  interior  of 
tlie  well :  hy  this  passage  the  animals 
descend,  which  drive  the  machinery  that 
raises  the  water  from  the  lower  shaft 
into  the  reservoir  or  basin,  from  which 
it  is  Bgpin  elevated  by  simi'ar  machinery, 
and  other  oxen  on  the  surface  of  the 
ground.  See  Jigurr.  In  the  lower  shaft,  a 
])ath  is  also  cut  down  to  the  water,  but  as 
no  partition  is  left  between  it  and  tlie  well, 
it  is  extremely  jierilous  for  strangers  to 
descend. 

The  si]uare  openings  represented  on 
each  side  of  tlie  ujiper  sliaf:,  are  soc- 
lions  of  the  spiral  passage,  and  the  zig- 
zag lines  indicBte  its  direction.  Tho 
wheels  at  the  top  carry  endless  rope*, 
the  lower  parts  of  which  reach  down 
to  the  water ;  to  these,  earthenware  va 
see  are  secured  by  ligiiuires,  see  A,  A, 
at  equal  distances  through  the  whole  of 
their  lengtli,  so  that  when  the  machinery 
is  moved,  these  vessels  ascend  full  of 
water  on  one  side  of  the  wheels,  dis- 
clmrge  it  into  troughs  as  they  pass  over 
them  and  descend  in  an  inverted  po- 
sition on  the  other.  For  a  furtlier  de- 
scri|)tion  of  this  appaiatus,  see  the  chap- 
ter on  the  vliain  uf  jmU. 

This  celebrated  production  of  former 
limes,  it  will  be  perceived,  resembles  an 
('normous  hollow  screw,  the  cent  re  of 
which  forms  the  well,  and  the  threads,  a 
winding  8tair-ca«e  round  it.  To  erect 
(if  granite  a  flight  of  "  geometricsl"  or 
"  well  stairs,"  two  orlhrt?e  hundred  feci 
high,  on  the  surface  of  the  ground, 
would  require  extraordinary  skill ;  al- 
tliough  in  the  execution,  every  aid  from 
rules,  measures,  nnd  tlie  light  oi  day, 
would  guide  the  workmen  at  every  step; 
but  to  begin  such  a  work  at  the  top, 
and  construct  it  i}r>ipiitr(irtls  by  excava- 
tion alone,  in  the  dark  bowels  of  thr 
earth,  is  a  more  arduous  undcrtakicg, 
especially  as  deviations  from  the  correct 
lines  could  not  be  remedied  ;  yet  in  To 
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ieyib'f  woU,  tlio  partition  of  rock  between  the  pit  tiij  the  passage- way, 
■nd  iLc  unifiirni  inclinuiion  of  the  latter,  seem  to  httve  been  H.''certitinei1 
«rilli  cr|iia]  precision,  a*  if  tJie  whole  had  l)eeii  constnicted  of  cut  stone  on 
the  sunace.  Wnrf  t]»e  pit,  or  the  passage,  formed  first;  or  were  lliey  simul- 
taneously carriod  on,  anct  the  excavated  masses  fn)m  both  l>ome  up  the 
latter  I  The  exlrrmc  tliinness  of  the  partition  wall,  excited  tlie  astonish- 
ment of  M.  Jomord,  whose  account  of  t)ie  well  is  inserted  in  the  second 
volume  ot'  Memoirs  in  Napoleon's  great  Work  on  Egyjit,  part  2nd,  p. 
691.  It  is,  »ccordin!»to  him,  but  sixteen  centimetres  thick,  [about  six  in- 
ches!] He  justly  remarks  that  it  must  have  re<juired  sinpiliir  rare  to 
leave  and  preserve  so  small  a  porlion  while  excavating  the  rock  from  both 
sides  of  it.  It  would  seem  no  stronger  in  proportion,  than  sheets  of 
pasteboard  placed  on  edge,  to  support  one  end  of  the  stairs  of  a  modern 
built  house,  for  it  should  be  borne  ni  mind,  tiiat  the  massive  roof  of  tlie  spiral 
paasai^e  »c/:r  Iht  ictU,  has  nothing  but  this  film  of  rock  to  support  it, 
or  to  prevent  such  portions  from  falling,  as  are  loosened  by  fissures,  or 
<uch,  as  from  changes  in  the  direction  of  the  strata,  are  not  firmly  united 
to  the  general  mass.  Hut  tliis  is  not  all :  thin  and  insulficient  as  it  may 
^tcm,  tlie  liolu  designer  has  pierced  it  through  its  whole  extent  with  semi- 
circular openings,  to  admit  light  from  the  well :  those  on  one  side  are 
shown  in  the  figure 

Opinions  respecting  the  date  of  this  well  are  exceedingly  various.  Po- 
cockc  thought  it  \vns  built  by  a  vizier  named  Joseph,  eight  hundred  year* 
ago;  other  authorities  more  generally  attribute  it  to  Saladin,  the  intrepid 
dcfemler  of  his  country  agaiaat  tlic  hordes  of  European  savages,  who,  un- 
der the  name  of  cruiiulers,  spresid  rapine  and  carnage  through  his  land. 
His  name  was  Yusscf,  [.foseph.]  By  tlic  common  f>eonle  of  Egj'pl,  it 
has  long  l)cen  ascribed  to  the  patriarch  of  lliat  name,  and  tlicir  tradition* 
are  often  well-founded  ;  of  which  we  shall  ^nvc  an  example  in  the  ac- 
count of  tlic  Su-aj'C.  Van  Sleb,  who  visited  Egypt  several  limes  in  the 
17th  conlury,  says,  some  of  the  people  in  his  time,  thought  it  was  digged 
by  »jjlrila,  and  he  adds,  "  I  am  almost  inclined  to  believe  it,  for  I  cannot 
conceive  how  man  ran  compass  so  wonderful  a  work.""  This  mode  of 
accmnting  for  ancient  works  is  common  among  ignorant  people,  and  may 
be  considered  as  proof  of  their  great  antiquity.  Dr.  Robertson,  in  speak- 
ing of  ancient  monuments  in  India,  remarks  that  they  are  of  such  high 
Antiquity,  that  as  the  natives  cannot,  either  from  liistoiy  or  tradition,  give 
■ny  information  concerning  the  time  in  which  they  were  executed,  they 
univorsally  ascrilx;  the  formation  of  them  to  superior  beings.''  .Some  wri- 
ters believe  this  well  lo  have  been  the  work  of  a  more  scientific  people 
than  any  of  the  comparatively  modern  ])osseBsors  of  Egypt — in  other 
.  they  think  it  the  production  of  the  same  people  that  built  the  py- 
^  and  die  unrivalled  monuments  of  Thebes,  Deiidarah  and  Ebsara- 
boul.  L;usdy,  Cairo  is  supposed  by  others,  lo  occupy  the  site  of  Egyp- 
tian Babylon,  and  this  well  is  considered  by  tlicm,  one  of  the  remains  of 
that  ancient  city.  Amidst  this  variety  of  opinions  respecting  its  origin,  it 
I  certain,  diat  it  is  every  way  worthy  of  the  ancient  mechanics  of  Egypt; 
'  in  its  magnitude  extiibits  one  of  the  prominent  features  which  che- 
teriw?  all  tJi<Mr  known  productions. 

WliT  wiii  this  celebrated    well   made  oblong?     Its  designer  had  cer- 

nly  hi*  retisotis  for  it.     May  not  this   form  have  been   intended   lo  en- 

litcn   more  perfectly  the   interior,   by  sooner   receiving  and   retaining 

cr  t]:e  rays  of  the  sun?     To   what   point  of  the   compass  its  longest 

•TVs  praMQt  (laui  of  EkvpI.  l>>  F.  Van  Sk-b.  Lon.  1(178.  p.  248.    ■■India.  Aitpeudis 
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sides  coincide,  1ia«  not,  that  we  are  aware  of,  been  recorded.  Should  thej 
prove  to  be  in  the  direction  of  the  rising  and  setting  sun,  the  reason  sug- 
gested, may  possibly  be  the  true  one. 

In  Ogilvy's  Afiica,  it  is  remarked  that  at  the  last  city  to  the  south  of 
Efj'j^pt,  "  is  a  deep  well,  into  whose  bosom  the  sun  shines  at  noon,  while 
he  passes  to  and  again  through  the  northern  signs."  p.  99.  This  is  the 
same  well  that  Stra'bo  mentions  at  Syene,  which  marked  tlie  summer  sol- 
stice— the  day  was  known,  when  the  style  of  the  sun  dial  cast  no  shade  at 
noon,  and  the  vertical  sun  darted  his  rays  to  the  bottom  of  the  well.  It 
was  at  Syenc,  that  Eratosthenes,  220  B.  C.  made  the  first  attempt  to 
measure  the  circumference  of  the  earth — and  to  the  same  city,  the  poet 
Juvenal  was  banished. 

RKPLECTIONS  ON  ANCIENT  WELLS. 

Before  leaving  this  part  of  the  subject,  it  may  be  remarked  that  an- 
cient wells  are  of  very  high  interest,  inasmuch  as  many  of  tliem  are  ibe 
only  memorials,  that  have  come  down  to  us,  of  the  early  inhabitants  of 
the  world ;  and  they  differ  from  almost  all  other  monuments  of  man  in 
former  times ;  not  only  in  their  origin,  design,  and  duration,  but  above  all, 
in  their  utility.  In  this  respect,  no  barren  monument,  of  whatever 
magnitude  or  material,  which  ambition,  vanity,  or  power,  has  erected,  at 
the  c-xi)ense  of  the  labor  and  lives  of  the  oppressed,  can  ever  be  com- 
pared witli  them.  Such  monuments  are,  with  few  exce])ti()ns,  proofs  of  a 
people's  sufferings;  and  were  generally  erected  to  the  basest  of  our  spe- 
cies :  whereas  ancient  wells  have,  through  the  long  series  of  past  ages, 
continually  alleviated  human  woe ;  and  have  furnished  man  with  one  of 
nature's  best  gifts  without  the  least  alloy. 

It  would  al'HOst  appear,  as  if  the  divine  Being  had  established  a  law, 
bv  which  works  of  pure  beneficence  and  real  utility  should  endure  almost 
for  ever;  while  those  of  mere  magniiicence,  however  elaborately  con- 
structed, should  in  time  pass  away.  The  temple  of  Solomon — liis  golden 
liouse,  ivory  ])alaccs,  and  splendid  gardens  are  wholly  gone ;  but  the  plain 
cisterns,  whi<;li  he  built  to  supply  his  people  with  water,  remain  almost  as 
|X'rftrct  as  ever.  Thus  tlie  pnde  of  man  is  punished  by  a  law,  to  which 
die  most  favonid  of  mortals  formed  no  exception. 

An  additional  interest  is  attached  to  several  wells  and  fountains  of  the 
old  world,  from  the  frc<)uent  allusion  to  them  in  the  Scriptures,  and  by 
the  classical  writers  of  Greece  and  Rome.  In  a«ldition  to  those  already 
named,  the  following  may  be  noticed.  When  the  Isptielites  left  Egypt, 
"  they  came  to  Elim,  where  were  twelve  wells  of  water,  and  three  score 
and  ten  j>alrn  trees."  Now  the  Grove  of  Elim  yet  flourisin's;  and  its 
fountains  have  neither  incresised  nor  diininish<;d,  since  the  Israelites 
encam])i'd  by  them.*  Modern  travelers  in  Palestine  often  allay  their 
thirst  at  the  well  which  belongeil  to  the  biith  place  of  David,  the  "  AVel. 
of  Bethlehem,"  whose  waters  he  so  greatly  preferred  to  all  others.  The 
inhabitar-.ts  of  Cos,  drink  of  the  siimo  spring  which  IIip]«)crates  used 
twenty-three  hundred  years  ago;  and  their  traditions  still  connect  it  with 
his  name.  The  nymphs  of  Sc;/rox,  another  island  in  the  Egean,  in  the 
early  ages  assembled  at  a  certain  fountain  to  draw  wnt<?r  lor  domestic 
uses.  This  fountain,  says  Dr.  Clarke,  exists  in  its  original  state;  and  is 
still  the  same  rendezvous  as  formerly,  of  love  or  of  gallantry,  of  gossip- 

•  We  are  aware  tliat  Dr.  Sliaw — TravcU,  p.  ;$50 — oljscrveii  hut  nine  u«IIs.  He  aiij  t,  ul 
that  time,  three  of  thi.'iii  were  tilled  up  witli  aand;  hul  the  whole  were  to  be  seen  a 
fdorl  time  previous  to  hu  visiting  thciii,  and  we  believe  since. 
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ant]  talc  telling.     Young  women  may  lie  seen  coniing  from  it  in 
>u(>s.  Olid  5-ingiiig,  wilh  \ase«i  on  their  iieiids,  [irPcisHly  as  ic|ireRfntC'<l 
I  mncifut  murbli-s.     It  wus  at  Scyros  where  yoiin<»  Arhilirs  wns  concealed 
svent  his  going  to  the  Trojiin  war.   He  wus  pliiced  among,  and  habited 
lie  daughters  of  Lycomedes;    hut  Ulysses  adroitly  discovered   him. 
■ring  for  sale,  in  the  dUguise  of  a  pedlar,  a  fine  suit  of  armor,  umotig 
friulscts  for  women. 

Heli>-|M>li3,  tile  city  of  the  Sun,  the  0»  of  (Jene!<is,  of  which  Joseph's 
futhcr-in-law  was  governor  and  priest,  and  whose  inh/Jiitanls,  according 
V)  Herodo(us,  (ii.  3.)  were  the  most  ingenious  of  all  the  Kgyfitians.  and 
where  the  philo.viphers  of  Greece  assembled  to  nc(|uire  "the  wi>Jom  of 
Ej^ypl,"  was  famous  for  itA  Ibuntuin  of  excellent  water: — this  fountain, 
viiili  a  solitary  obelisk,  is  all  that  remains  to  jwjint  out  the  place  where 
that  «plviidtd  city  stood. 

Aqueducts,  fountains^,  cisterns  and  wells,  are  in  numerous  instances  the 
oidy  remains  of  soijie  of  the  most  celebrated  cities  of  the  ancient  world, 
(tf  Heliojmlis,  S_\ cue  and   Babylon  in  f^gypt ;  of  Tyre,  Sidon,  Palmyra, 
Nineveh,  (.'arthiige,  llticji,  Barca,  and  main  others;  and  when,  iti  the  course 
i>f  future  agi-s,  the    reuiaiiiiu:!    j  oitals   and    coluuius   of  Persepolis  are 
entirely    decayed,  and   its  H'utpture.s  crumbed   to  dust:   its  cistenis  and 
a^ttpducl  (both  hewn    out  of  the    rock)   will    serve  to  eX'ite    the    cini 
•  if  future  antiquaries,  when  every   other  tnonument  of  the  city  to 
I   they   belonged   has  perished.      The  features  of  nature,  says  Dr. 
■.  continue  the  same,  though  works  of  art  may  be  d<jne  away:  the 
■    u'.iful  gate'  of  the  Jerusalem  tem|ile  is  no  more,  but  MIoah's  Foun- 
tain still  flows,  and  Kedron  yet  murmurs  in  the  Valley  of  Jehoshaphat. 
According  to  Chateaubriand,  the  Pool  of  Bethesda,  a  reservoir,  one  hun. 
dr\'d  and  tifty  feet  by  li.irty,  constructed  "f  large  stones  cramped  with 
•■■■■■  -ind  lined  with  flints  embedded  in  cement,  is  the  only  specimen  re- 
iig  of  the  ancient  architecture  of  thai  city. 
r-jihesu*,  too.  is  no  more;  and  the  temple  of  Diana,  th.it  aco^irding  to 
Pliny  WHS  2vJ0  years  in  building,  and  upon  which  was  lavished  the  talent 
and  treasure  of  the  east;  the  pride  of  all  Asia,  and  one  of  the  wonders 
of  the  W(uld,  has  vanished  ;  while  the  fountains  which  furnished   the  citi- 
i»  with  water,  remain  as  fresh  and  perfect  as  ever.     And  as  a  tremen- 
Diis  satire  on  nil  human  grandeur,  it  may  be  remarked,  that  a  few  solitary 
marble  ian-^iphagi,  which  once  enclnsed    the    mighty  dead  of  Ephesus, 
h.iv   turn  |. reserved — but  as  waterini/  /r'nii/lin/nr  cattle.'^    Cisterns  have 
I  vercd    in    the  oldest  citadels  nf   Greece.       The  /oiiutninB  of 

'»  are  perhaps  the  (/»/</  objects  rem.iining,  that  can  be  relied  on, 
locating  the  palace  of  Priam  and  the  site  of  ancient  Tmy.     And  the 
ell  near  the  outer  walls  of  the  temple  of  the  sun  at  Palmyra,  will,  in 
probability,  furnish  n.en  with  water,  when  other  relics  of  Tadmor  in 
wilderness  have  disa]>peared.'' 
To  conclude,  a  great  number  of  the  wells  of  the  ancient  world  still 
bpply  man  with  water,  although  their  history  generally,  is  lost  in  the 
'sbt  of  time. 


■  Mr   AildiMin.  in  bis  j'ltinxy  eouthwnrd  Iruiii  Dnin.iwuK,  says  tlie  fuunt^in  at  NazeriK 

y  ■".  .'  '  .'iv  a  ttpout  into  a  iniirUW  tnnijfti,  wliirh  iippmrs    t^>  have  been 

And  close  hy  the  w<'ll  at  Alizra.  he  ulmcrvtMl  IVp«fin<  iil!<  of  an 

.;  iisoil  for  n  nimilar  piirp'we.     We  niuy  ndil,  that  Spenl,  lli«  old 

<  ■  iiiurli-  (liiit  the  iitone  ciiffin  of  Hiehord  3il  "u  now  niauc  u  driakili| 

:ii  a  eniiiniiin  lun."     Eililiim  of  1611).  p.  737. 

U«o  L«u(lwt|'«  t>-lt«r«,  (lu.) — PliiL  Tnins.  Lowtliorp'a  Abiidg.  iii.,  490. 
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ANCIKNT   AllKRICAN    WELLS. 

As  wells  are  among  the  most  ancient  of  man's  labors,  that  are  extant 
in  the  old  world,  might  we  not  expect  to  find  some  on  these  continents, 
relics  of  those  races,  who,  in  the  unknown  depths  of  time,  are  supposed 
to  have  cultivated  the  arts  of  civilization  here?  We  might:  and  true  it  is 
thnt  among  the  proofs  that  a  populous  and  much  more  enlightened  people 
than  the  Iiiilinns  have  ever  been,  were  at  one  time  the  possessors  of  Ame- 
rica, ancient  wells  have  been  adduced.  "  From  the  highest  point  of  the 
Ohio,  says  Mr.  T.  Flint,  to  where  f  am  now  writing  (St.  Charles  on  the 
Mis-souri)  and  far  up  the  upper  Mississippi  and  Missouri,  the  more  the 
country  is  explored  and  peopled,  and  the  more  its  surface  is  penetrated, 
not  only  are  there  more  mounds  brought  to  view,  but  more  incontestible 
morks  of  a  numerous  population.  Wells,  artificially  walled,  dif- 
ferent structures  of  convenience  or  defence,  have  been  found  in  tueh  num- 
bers, as  no  longer  to  excite  eiiriositif." 

But  American  antiquities  were  so  novel,  so  unlooked  for,  and  so  insu- 
lated from  those  of  the  old  world,  that  learned  men  were  greatly  per- 
plexed at  thf  ir  appearance ;  and  at  a  loss  to  account  for  their  origin.  This 
is  still,  in  a  great  measure,  the  case.  A  mystery,  hitherto  impenetrable, 
hangs  over  the  primeval  inhabitants  of  these  continents.  Who  they  were, 
and  whence  they  came,  are  problems  that  have  hitherto  defied  all  the  re- 
seaches  of  antiquarians.  Nothing,  perhaps,  but  the  increasing  occupa- 
tion of  the  soil,  aud  excavations  which  civilization  induces,  will  eventually 
determine  the  question,  whether  these  antiquities  are  to  be  attrilMited  to 
European  settlers  of  the  sixteenth  century  ;  to  the  enterprising  Scandina- 
vians, the  North  Men,  who,  centuries  before  the  voyages  of  Columbus  and 
the  Cabots,  visited  the  shores  of  New  England,  New  York  and  the 
Jerseys ;  or  whether  some  of  them  did  not  belong  to  an  indigenous  or 
Cuthitc  race,  who  inhabited  those  prolific  regions,  in  times  when  the 
mastodon  and  mammoth  and  megalonix  were  yet  in  the  land. 

No  one  can  reflect  on  the  myriads  of  our  .species  who  have  occupied 
this  half  of  the  globe — perhaps  from  times  anterior  to  the  flood — without 
longing  to  know  something  of  their  history  ;  of  their  physical  and  intel- 
lectual condition  ;  their  languages,  manners  and  arts ;  of  the  revolutions 
through  which  they  passed ;  and  especially  of  those  circumstances  which 
caused  them  to  disappear  before  the  progenitors  of  the  present  red  men. 
The  subject  is  one  of  the  most  interesting  that  ever  exercised  the  human 
mind.  Jt  is  calculated  to  excite  the  most  thrilling  sensations,  and  we 
have  often  expressed  our  surprise,  that  one  of  the  most  obvit)US  and  pro. 
mising  sources  of  information  has  never  been  sufliciently  investigated: 
we  allude  to  ancient  wells,  a  close  examination  of  which,  might  lead  to 
discoveries  equally  interesting,  and  far  more  important,  than  those  which 
resiilt^'d  from  a  similar  examination  of  Grecian  wells.  Dr.  Clarke  sxys. 
that  "  Vases  of  Terra  Cotta,  of  the  higliest  antiquity,  have  been  fviund  in 
cleansing  the  wells  of  Athens."* 

Some  persons  may  perhaps  suppose  the  old  wells  in  the  western  parts 
of  this  continent,  to  be  the  work  of  Indians ;  but  these  people  have  never 
been  known  to  tnake  any  thing  like  a  regular  well.     Mr.  Catiiii,  the  artist, 


•  A  Boman  well  was  Hiwovcrpd  in  the  seventccntli  ceiiturv.  near  the  great  rcnid 
which  leads  to  Carlisle,  in  Kngliind.  Instead  of  being  walleil  up  n'itli  Ktone,  it  w.v 
lined  with  large  casks  or  hogsheads,  si-K  feet  deep,  and  maile  of  pine.  The  well  w»' 
0OTorc<l  with  <iiik  plank  nine  inches  thick.  In  it  were  found  urns,  drinkaiij  <■»/>«,  ia» 
inl*  and  nhvcK,  tlie  soles  of  which  were  stitched  an-1  tualed.  PhiL  Trans.  Luwthorp't 
A.<lridg.  iii,  481. 
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who  spent  eight  years  among  those  on  the  upper  waters  of  the  Missis- 
sippi and  Miss<.)uri,  and  another  gentleman  who  had  long  been  east  of  the 
Rocivy  mountains,  among  the  Flat  Heads,  and  other  tribes  towards  the 
Pacific,  both  inform  us  that  the  wild  and  untutored  Indians  never  havo 
recourse  to  wells.  They  in  fact  have  no  need  of  them,  as  their  villages 
are  invariably  located  on  the  borders  or  vicinity  of  rivei-s.  In  some  cases 
of  suffering  from  thirst  while  travelibg,  they,  in  common  with  other  sava-' 
ges,  sometimes  scrape  a  hole  in  sand  or  wet  soil,  to  obtain  a  temporary 
supply. 


CHAPTER    VIII 

AiMicntnwthods  of  raising  water  from  wclla:  Inclined  planes— Stain  within  vella:  InMoeopotarab 
— Abfwinla— Hindostan— Pen>ta— Jadea — Greece — ^Tlirace— England — Cord  and  bucket:  Used  at  Ja- 
cob's well — by  the  patriarchs— Mahomet— In  Palestine — India— Alexandria-Arabian  Vixler  drawing 
water— Oaaa—Herculaneam  and  Pompeii— Wells  within  the  houses  of  the  Utter  city — Aleppo — Tyr» 
— Carthage — Cieanthes  the  *  well  Drawer'  of  Athens,  and  sacccMtor  of  Zcno — Detnocritus — Plautus 
— AaelepUdes  and  Menedvmiu — Cistern  pole — Roman  cisterns  and  oenient— Ancient  modes  of  purl 
fyii^;  walar. 

"VVk  are  now  to  examine  the  modes  practised  by  the  ancients,  in  ob- 
taining water  from  wells.  When  the  first  simple  excavations  became  so 
fer  deepened,  thiit  the  water  could  no  longer  be  reached  by  a  vessel  in 
the  hand,  some  mode  of  readily  procuring  it  under  such  circumstances 
would  soon  be  devised.  In  all  ctises  of  moderate  depth,  the  most  simple 
and  efficient,  was  to  form  an  inclined  plane  or  passage,  fp'om  the  surface 
of  the  ground  to  that  of  the  water ;  a  device  by  which  the  principal  ad- 
vantages of  an  open  spring  on  the  surface  were  retained,  and  one  by  which 
domestic  animals  could  procure  water  f(jr  themselves  without  the  aid  or 
attendance  of  man.  There  is  reason  to  believe  that  this  was  one  of  the 
primitive  methods  of  obtaining  the  liquid,  when  it  was  but  a  short  dis- 
tance below  the  surface  of  the  ground  ;  and  was  most  likely  impercep- 
tibly introduced  by  the  gradual  deepening  of,  or  enlarging  thf  cavities  of 
natural  springs,  or  artificial  excavations. 

But  when  in  process  of  time,  these  became  too  deep  for  exterior  pas- 
sages of  this  kind  to  bo  convenient  or  practicable,  the  wells  themselves 
were  enlarged,  and  stairs  or  steps  for  descending  to  the  water,  constructed 
within  tbcni.  The  circumstances  recorded  in  Genesis,  xxiv.,  induce  us  to 
believe  that  the  wells  at  which  Eliezer,  the  steward  of  Abraham,  met  Re- 
becca, was  one  of  these.  When  the  former  arrived  at  Nahor,  he  made 
his  tarnels  "  to  kneel  down  without  the  city  by  a  well  of  water,  at  the 
time  of  the  evening  that  women  go  out  to  draw  water :  and  Rebecca 
came  out  with  her  pitcher  upon  her  shoulder — and  she  went  down  to  the 
well,  and  filled  her  pitcher  and  came  tip,"  Had  r.'.iy  machine  been  attached 
to  this  well,  to  raise  its  water,  or  had  a  vessel  ouspended  to  a  cord  been 
u-M-d,  she  could  have  had  no  occasion  to  descend.  It  therefore  appears 
that  the  liquid  was  obtained  by  immersing  the  pitcher  in  it,  and  in  order 
to  do  this,  the  persons  '  went  down'  to  the  water.  That  this  well  was 
not  deep,  may  be  inferred  from  the  fact  that  Rebecca  drew  water  suffi- 
cient to  quench  the  thirst  of  ten  camels,  fur  it  is  said,  she  supplied  them. 
"  till  they  had  done  drinking;"  a  task  which  no  young  female  could  have 
accomplished  in  the  time  implied  in  'he  text,  if  this  well  had  been  even 
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moderately  deep,  and  one  which  under  all  circutiistances  was  a  laborioiif 
fKTfonnanoe ;  for  these  animals  take  a  |>rodigious  quantity  of  water  at  a 
time,  sufficient  to  last  them  from  ten  to  twenty  days.  Eliezer  might  well 
wonder  at  the  ingenuous  and  benevolent  disposition  of  Rebecca,  and  evjry 
reader  of  the  account  is  equally  surprised  at  his  insensibility,  in  permitting 
her  to  perform  the  labor  unaided  by  himself  or  his  attendants. 

Wells  with  stairs  by  which  to  descend  to  the  water,  are  still  common. 
The  inhabitants  of  Arkeko  in  Abyssinia,  are  supplied  with  water  from  six 
wells,  which  are  twenty  feet  deep  and  fifteen  in  diameter.  The  water  is 
collected  and  carried  vp  a  broken  ascent  by  men,  women  and  children." 
Fryer  in  his  Travels  in  India,  p.  410,  speaks  of  "deep  wells  many  fathom 
under  ground  with  /stately  atone  stain."  Joseph's  well  in  Egypt  is  another 
example  of  stairs  both  within  and  without.  Bishop  Heber  observed  one 
in  Benares  with  a  tower  over  it.  and  a  "  steep  flight  of  steps  for  descend 
ing  to  the  water."  Forrest,  in  his  Tour  along  the  Ganges  and  the  Jumnn, 
says,  "  near  the  village  of  Futtehpore,  is  a  large  well,  ninety  feet  in  cir- 
cumference, with  a  broad  stone  staircase  to  descend  to  the  water,  which 
might  be  about  thirty  feet."  Mr.  Forbes,  in  his  Oriental  Memoirs,  re- 
marks that  many  of  the  Guzzerat  wells,  have  steps  leading  down  to  the 
water;  while  others  have  not."  In  a  preceding  page,  we  quoted  a  passage 
from  Ward's  History  of  the  Hindoos  to  the  same  effect.  Tavernier, 
speaking  of  the  scarcity  of  water  in  Persia,  says,  of  wells  they  have  Ji 
great  many,  and  he  describes  one  with  steps  down  to  the  water.''  "  We 
passed  a  large  and  well  built  tank,  with  t  too  jUffktu  of  steps  do*ce:tii\\nf^  into 
it,  at  the  opposite  angles,  possibly  the  pool  of  Hebron,  where  David 
hanged  the  murderers  of  Ishbosheth."c  The  fountain  of  Siloam  is  reached 
by  a  descent  of  thirti/  steps  cut  in  the  solid  rock. 

The  small  quantity  of  water  furnished  by  some  wells,  rendered  a  de- 
scent to  it  desirable,  and  hence  it  was  often  collected  as  fast  as  it  appeared, 
by  women  who  oflen  waited  for  that  purpose.  "  That  which  pleased  me 
most  of  all,"  .says  Fryer,  p.  126,  "was  a  sudden  surprise,  when  they 
brought  me  to  the  wrong  side  of  a  pretty  square  tank  or  well,  with  a  wall 
of  stone  breast  high  ;  when  expecting  to  find  it  covered  with  water,  look- 
ing down  five  fathom  deep,  I  saw  a  clutter  of  women,  very  handsome, 
waiting  the  distilling  of  the  water  from  its  dewy  sides,  which  they  catch 
in  jars.  It  is  cut  out  of  a  black  marble  rock,  up  almost  to  the  top,  with 
broad  steps  to  go  down.  Mr.  Addison  in  his  'Journey  Southward  from 
Damascus,'  says,  "  at  the  fountain  near  D'jenneen,  the  women  used  their 
hands  as  ladles  to  fill  their  pitchers."  This  scarcity  of  water,  and  the  prac- 
tice of  scooping  it  up  in  small  quantities,  are  referred  to,  by  both  sacred 
and  profane  authors.  "  They  came  to  the  pits  and  found  no  water,  they 
returned  with  their  vessels  empty."  Jer.  xiv,  3.  ''There  shall  not  be 
found  of  it  a  sherd,  [a  potter's  vessel,]  to  take  fire  from  the  hearth,  or  to 
take  water  out  of  the  pit," — that  is,  to  scoop  it  up  when  too  shallow  to 
immerse  a  vase  or  pitcher  in  it.  Isaiah,  iii,  14.  St.  Peter  speaks  of  wells 
'without  water,'  and  Ilosea,  of  'fountains  dried  up.' 

"  Tlie  water  nympbs  lament  their  empty  urns."     Ovid,  Mftt.  ii,  278. 

The  inhabitants  of  Libya,  where  the  wells  often  contain  little  water,  "  draw 
it  out  in  little  buckets,  made  of  the  shank  bones  of  the  cainel."<* 

Wells  with  stairs  are  not  only  of  very  remote  origin,  but  they  appear 
to  have  been  used  by  all  the  nations  of  antiquity.  They  were  commoc 
among  the  Greeks  and  Romans.*    The  well  mentioned  by  Pausanias,  of 

•EJ.  Encyo.    Art  Arkeko.    ""Persian  Trav.  157.    •Lindsay's  Trav.  Let  ». 
't^ilvys  Africa,  306.    •LorUnet's  Arts  of  tlie  Greeks  and  R«m.tns,  i,  1E8. 
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which  wc  have  sn<»kcn  in  a  previous  chapter,  has  steps  which  lead  down 
to  the  wattjr*  The  well  fi>r  the  purificiitiini  nf  wor>hpppLT.<.  in  the  tem- 
jil«"  ofliiis,  in  Piirtipi'ii,  h;is  a  descent  by  steps  to  the  wii;(ir>  Tlic  wells 
fif  Thrace,  had  generally  n  covered  fli<;ht  ><(  steps."  A:a'M»nt  wcIIh  of 
••imilar  onstnietion  arc  still  to  be  seen  in  varioin  jiartsi'l'  Eiiiope.  There 
i-i  iifie  ncnr  FleiiipsliMil.  Eiig.  for  the  fdotection  y,(  «liicli,  uii  act  of  par- 
liaiu-nt  »:»9  pa^-s^cl  in  the.  reign  of  Henry  VIII. 

Such  wells,  probably  gsve  rise  to  the  beuullfiil  circular  £>tairs  so  c«n> 
moll  in  old  towers,  and  still  known,  ivs  '  well  sttiirs.' 

In  Galveston,  (Texas.)  and  uthrr  |iart.s  of  Aiiieriea.  where  there  .ire  no 
Bprings,  cisterns  are  sunk  in  the  Mind  between  hillooks,  into  wliich  tJie 
t»iirface  water  drains,  and  steps  are  formed  to  lead  down  to  it. 
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11(1.9.    Mfi«lrniarc<>kf«raal?<lniwlug«Btcr.         No.9.    FromamauuKripL  of  Ihel-^ti  cctjtiiry. 

However  old  and  numerous  wells  with  stairs  within  them  may  be, 
t\njs\  iif  the  ancient  ones  were  constr-ucted  without  them;  helioe  the  ne- 
ce-isily  of  *ime  mode  of  raising  the  water.  Fintn  the  earliest  agon,  a 
ves-ci  tiiii}>c:trifd  to  a  cord^  has  been  used  by  all  nMti<.>ns — a  de''ice  more 
sinrple  and  more  extensively  etnployed  lli.in  any  olher,  and  one  which  was 
undoubtciJIy  the  germ  >if  the  most  useful  hydiauiic  machines  of  the  an- 
cients, ns  the  chain  of  pots,  chain  pninp,  &c.  That  a  cord  and  bucket 
Were  used  to  raise  water  from  Jacob's  well,  nineteen  centuries  njzo,  is 
evident  from  the  aixount  of  the  interview,  which  the  Savior  had  with  the 
in  of  Samaria  at  it.  '■  Then  eometh  he  to  a  city  of  Samaria,  called 
If  ;  now  Jacob's  well  was  there,  and  Jesus  being  wearied  sat  on  the 
i*icil  ;  and  there  conieth  a  woman  of  Samaria  to  draw  water ;  Jesus  saith 
unto  her,  give  me  to  drink."'  Had  any  machine  Ijeeu  attached  to  this  well 
•t  that  time,  i>y  which  a  traveler  or  stranger  could  raise  it,  ho  could  have 
proouied  it  for  hinisclf ;  and  as  he  was  thirsty,  he  probably  would  have 
done  so,  without  waiting  for  any  one  to  draw  it  for  him  ;  but  the  reason 
why  liT  did  not,  is  subseKjucntly  explained  by  the  woman  herself;  who, 
in  repl\iiig  to  one  of  his  remarks,  the  meaning  of  which  she  niisappre- 
h'/r  Jed.  Miid  "Sir,  thou  h.ist  nothing  l«  draw  loit/i,  and  the  well  is  deep." 
'1 1..'  rt  ell,  as  already  rcmarkcil,  is  one  hundred  and  five  feel  deep.  Ilcnce 
at  ti);it  period  every  one  carried  the  means  of  raising  the  water  with  him. 
No.  U.  iif  the  illustrations,  is  a  representation  of  the  woman  of  Samaria 

iiwing  water.     It  is  frfnn  a  Greek  illuminated  manuscript  of  the  12lh 

aiury,  from  D'Agincourt's  Storia  DelTArle. 

It  is  still  the  geiieial  practice  in  the  east,  for  any  one,  who  goes  to 

•  For  Tup.  l»i).         I"  Poiupeii,  i,  277.         •  HyJraulia,  166. 
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draw  water,  to  carry  a  vessel  and  cord  with  him.  a  custom  which  without 
doubt,  has  prevailed  tliere  since  the  patriarchal  ages.  This  was  the 
opinion  of  Mahomet,  whose  testimony  on  such  a  subject  is  unexceptionable, 
lie  was  an  Arab — a  people  who  pride  themselves  on  the  preservation 
of  the  customs  of  their  celebrated  ancestors,  Abraham,  Ishmael,  and 
Job.  In  his  account  of  Jose[>irs  deliverance  from  the  pit,  into  which  his 
brt-thren  had  cast  him,  (and  which  many  commentators  lielieve  was  a 
well,  which  at  the  time  contained  little  or  no  water,)  he  says :  "  Certain 
travelers  came,  and  sent  one  to  draw  water,  (who  went  to  the  well  in 
which  Joseph  was,)  and  he  lei  down  his  hucJcel,^'  &c.  Koran,  chap.  xii. 
This  account  is  perfectly  consistent  with  that  of  Moses.  Josephus,  also, 
seems  to  have  believed  it  to  be  a  well :  '•  lleubel  tt)ok  the  lad  and  lied 
him  to  a  cord,  and  let  him  down  gently  into  the  pit,  /or  it  had  no  water 
in  it."     Antiq.  B.  ii.  3. 

At  3  o'clock,  (says  Mr.  Addison  in  his  "Jovrney  Southward  from 
Dnmascus")  we  rode  to  a  well  (in  approaching;  Gma  of  Galilee)  in  a 
field,  where  an  Arab  was  watering  his  goats.  There  was  a  long  stone 
trough  by  the  sidt^  of  the  well,  and  this  was  filled  with  water  by  means 
of  a  leathern  bucket  attached  to  a  rope,  which  the  Arab  carried  about 
with  him,  for  the  convenience  of  himself  and  his  herds.  It  was  jest  such 
a  scene  as  that  described  in  Genesis :  "  And  behold  a  well  in  the  field,  and 
lo,  there  were  three  flocks  of  sheep  lying  by  it,  for  out  of  that  well  they 
watered  their  flocks,  and  a  gr'eat  stone  was  upon  the  well's  mouth." 
Among  the  ruins  of  Mizra,  in  the  great  plain  of  Jezroel,  the  same  traveler 
obsiTvcs:  "Surprised  at  the  desolate  aspect  of  the  spot,  I  rode  with  my 
servant  to  a  well  a  few  yards  distant,  where  two  solitary  men  were 
watering  their  goats,  by  means  of  a  leathern  bucket  atlaclied  to  a  rope; 
and  dismounting,  I  sat  on  the  stone  at  the  well's  mouth."  Mr.  Forbes, 
alter  a  residence  of  many  years  in  Asia,  said  he  •'  did  not  recollect  any 
wells  furnished  with  buckets  and  ropes  tor  the  convenience  of  strangers; 
most  travelers  are  therefore  jtrovided  with  them  ;  and  halcarras  and  reli 
gioiis  pilgrims  frequently  carry  a  small  bi-ass  pot  afl[i.\ed  to  a  long  string 
for  this  purpose." 

In  ancient  Alexandria,  where  the  arts  were  cultivated,  and  science 
flourished  to  an  extent  perhaps  uneqnaled  in  any  older  city,  water  was 
drawn  up  from  the  cisterns,  with  which  every  house  was  provided,  with 
the  sim|>lc  cord  and  bucket.  This  city  was  supplied  with  water  from  the 
Nile:  it  was  admitted  into  vaulted  seservoirs  or  cisterns,  which  were 
Constructed  at  the  time  the  foundations  of  the  city  were  laid  by  Alexander. 
They  were  sufficiently  capacious  to  contain  water  for  a  whole  year,  being 
filled  only  at  the  annual  inundation  of  the  river,  through  a  canal  made  for 
the  purpose.  Apertures  or  well  openings,  through  which  the  water  was 
raised  from  these  reservoirs,  are  still  tt)  be  seen.  ''Whole  lines  of  ancient 
streets  are  traceable,"  (says  Lord  Lindsay,  Travels,  Letter  2.)  "  by  the 
wells  recurring  every  six  or  seven  yards:  by  which  the  contiguous  houses, 
long  since  crumbled  away,  drew  water  from  the  vast  cisterns  with  which 
the  wliole  city  was  undermined." 

"  Every  house,"  sjiys  Kollin,  "  had  an  opening  into  its  cistern,  like  the 
mouth  of  a  well,  through  which  the  water  was  taken  up  cither  in  buciccts 
or  pitchers."  It  may  be  said,  this  last  quotation  is  not  conclusive,  since 
it  does  not  indicate  the  manner  in  which  the  bucket  was  elevated — by  a 
whidlass?  a  pulley?  or  by  the  hand  alone?  We  have  satisfactory  evi- 
dence that  it  was  by  the  latter.  The  pavement  of  the  old  city  is  from  ten 
to  thirty  feet  below  the  surface  of  the  modern  streets,  and  excavations  are 
frequently  made  by  the  Pasha's  workmen,  for  the  stones  of  the  old  pave- 
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roent  and  <ir  the  buildings.  In  this  manner  the  marble  mouths  of  the 
vaulted  reservoirs  or  cisterns  are  frequently  brought  to  liglit;  St.  John's 
E^ypt,  vol.  i.  8 :  and  they  invariubly  exhibit  traces  of  the  ropes  used  for 
nii«iiig  the  water.  Grooves  are  found  worn  in  them,  (by  the  ro|>es)  to  the 
depth  of  two  inches,  and  such  grooves  are  often  numerous  in  each  curb  or 
mouth.  Dry  wells  are  built  over  some  of  these,  and  continued  to  the 
level  of  the  present  streets.  Through  them  the  Inhabitants  still  draw 
water  fioni  the  ancient  reservoirs ;  and  in  the  same  manner  as  it  was 
pai>ed  from  them  when  the  Ptolemies  ruled  over  the  land.  A  person  in 
raising  the  bucket,  stands  at  a  short  distance  from  the  curb  or  mouth,  and 
pulls  the  rope  horizontally,  or  nearly  so,  towards  him.  In  this  way,  the 
D)pfl  ruhs  ai/aiiist  the  top  and  inside  of  the  curl),  and  in  time  wears  deep 
jTooves  in  it,  such  as  are  found  in  the  ancient  ones  just  mentioned. 
Sometimes,  in  order  to  avoid  the  friction,  and  consequent  loss  of  power 
and  wear  of  the  ropes,  the  person  drawing  would  stand  on  the  edge  of  the 
curb,  so  as  to  keep  the  cord  clear;  but  the  practice  is  too  perilous  ever 
to  have  been  general.  It  is,  however,  practised  ocojisionally  by  the 
HindrK>s. 

El  Miikin,  the  Arabian  historian,  says  that  Moclach,  the  Vizier  of  Rhadi, 
who  was  deprived  of  his  right  hand  and  his  tongue,  and  was  confined  in 
a  lower  room  of  the  palace,  where  was  a  well ;  and  having  no  person  to 
attend  him,  he  drew  water  for  himself,  pulling  the  rope  with  his  left  hand, 
ami  stopping  it  with  his  teeth,  till  the  bucket  came  within  his  reach. 
This  was  in  the  tenth  century.  Martigny's  History  of  the  .\rabians,  vol. 
iv.  7.  The  wells  on  the  road  to  Gaza,  notic<.!d  by  Mr.  Stephen-,  had  their 
upper  surfaces  formed  of  marble,  which  he  observes  had  many  groo\e« 
cut  in  it,  "apparently  being  worn  by  the  long  continued  use  of  ropes  in 
drawing  water."     Incidents  of  Travel,  vol.  ii.  102. 

That  the  same  mode  of  raising  it  was  ado|>ted  in  the  public  wells  of  the 
ancient  cities  of  Greece  and  Rome,  is  evident  from  those  of  Ilerculanenm 
and  I'ompeii ;  and  from  discoveries  made  in  the  latter  city,  it  is  obvious 
that  it  was  practised  in  obtaining  water  from  the  wells  and  cisterns  of 
private  houses.  This  is  a  very  interesting  fact  in  connection  with  our 
subject,  as  it  shows  conclusively  that  the  pump,  if  used  at  all  by  the 
Romans  in  their  private  houses,  it  was  only  to  a  very  limited  extent.  In 
183-1,  besides  theatres,  baths,  temples,  and  other  public  buildings,  eighty 
bouses  had  been  disinterred.  These  were  found  to  be  almost  uniformly 
provided  with  cisterns,  built  under  ground  and  cemented,  for  the  collection 
of  rain-water.  Kach  of  these  has  an  opening,  enclosed  in  a  curb,  through 
which  the  water  was  drawn  up.  These  are  generally  formed  of  a  white 
calcareous  etone,  on  which  are  to  be  seen  deep  channeU,  (Pt)mpeii,  vol.  i. 
88.)  like  those  on  the  mouths  of  the  Alexandrian  cisterns,  and  produced 
from  the  same  cause — the  friction  of  the  ropes  used  in  drawing  the  water. 
The  hypwlhrum.  says  Sir  William  Gell,  in  his  description  of  the  house 
of  the  Dio-scuri,  in  this  case  served  as  a  compluvium  ;  receiving  the  water 
which  fell  from  the  roof,  and  transmitting  it  to  a  reservoir  below,  to  which 
there  is  a  marble  mouth  or  puteal,  exhibiting  the  traces  of  long  use,  in  the 
furrows  worn  by  (he  ropes,  by  which  the  water  was  drawn  up.  Pompei- 
ana.  vol.  ii.  27. 

The  great  variety  of  buildings  to  which  wells  and  cisterns  having  their 
curbs  thus  worn  weie  attached,  show  that  this  mode  of  raising  water  was 
nearly  universal  in  Pompeii.  The  simple  cord  and  bucket  was  equally 
used  in  the  palace  of  the  quaestor,  and  the  humble  dwelling  of  the  private 
citizen.  It  was  by  them,  the  priests  drew  water  for  the  uses  of  the 
temples,  and  mechanics  for  various  purposes  in  the  arts.     Bakers  thus 
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raised  water  for  their  kncacliiijj-troufjhs,  from  cisterns  or  wells  under  the 
floor  of  their  shops.  T/iree  bakers'  shops,  at  least,  have  been  fuund.  and 
all  of  them  in  a  tolerable  state  of  preservation:  their  mills,  ovens,  knead- 
ing-t roughs,  flour,  loaves  of  bread,  (with  their  qualitv,  or  the  bakers' 
names  stamped  on  them.)  leaven,  vessels  for  containing  water,  and  their 
reservoirs  of  the  latter,  &c.,  have  been  discovered,  so  as  to  leave  alni(»t 
nothing  wanting  to  perfect  our  knowledge  of  this  art  among  the  Romans. 
It  is  probal)le  that  wells  were  not  infretpieiit  in  the  interior  of  the  houses 
in  Pompeii,  for  another  one  was  discovered  in  the  house  of  a  medical 
man,  as  presumed  from  chiriirt/iral  iimtniinents  found  in  it." 

The  custom  of  iioman  bakers  having  wells  or  cisterns  within  their 
houses,  contiinied  to  modern  times.  When  the  Royal  .\cademy  of  Sci- 
ences of  France,  undertook  in  the  last  century,  the  noble  task  of  publish- 
ing a  detitiled  account  of  all  the  useful  arts,  with  a  view  to  their  universal 
ditfusion  and  j)orpetuity — the  baker  is  represented  drawing  water  from 
a  well,  under  the  floor  of  his  shop,  and  in  a  manner  analogous  to  that 
practised  by  his  predecessors  of  Pompeii.''  Loudon  bakers  also  had  wells 
in  their  cellars,  for  the  same  purpose,  and  probably  still  have  them  to 
some  extent. 

The  inhabitiints  of  the  city  of  Aleppo,  the  metroptilis  of  Syria,  drew 
water  from  their  cisterns  or  subterraneous  reservoirs,  and  also  from  theii- 
wells,  with  which  'almost  evei'y  house'"  was  provided,  with  a  cord  and 
bucket,  in  the  same  manner  as  the  Egyptians  of  Alexandria;  and  so  do 
the  inhabitants  of  Soor,  which  occupies  the  site  of  ancient  Tyre,  a  town 
which  contained  in  1810,  according  to  Mr.  Buckingham,  eight  hundred 
stijne  built  houses,  most  of  which,  he  observes,  hail  wells.  Ancient  Gir- 
thiigu  was  built  like  Alexandria,  upon  cisterns — a  common  practice  of 
old.  The  modi-rn  inhabitants  of  Arzew,  the  ancient  Arsenaria,  as  observed 
by  Dr.  Shaw  in  his  Tiavels,  dwell  in  the  old  cisterns,  as  in  so  many 
hovels;  the  water  from  which,  was  doubtless  drawn  in  former  times,  by 
the  simple  cord  and  bucket — the  universal  impkmenU  still  used  through- 
out Egypt,  Palestine,  Syria,  Asia  Minor,  Persia,  Ilindostaii,  and  generally 
through  all  the  east.  This  primeval  device  for  raising  water,  has  been 
used  in  all  ages,  and  will  doubtless  continue  to  bo  so  used,  to  the  end  of 
time. 

An  interesting  circumstance  is  recorded,  respecting  an  individual,  who, 
from  hii«  occupation  in  ancient  Athens,  was  named  the '  Well-Drawer,' 
which  may  here  be  noticed.  This  was  Cleanthes,  a  native  of  Lydia,  who 
went  to  Athens  as  a  wrestler,  about  300  B.  C,  and  acquiring  a  taste  for 
philosophy  there,  determined  to  place  himself  under  the  tuition  of  some 
eminent  philosopher,  although  he  possessed  no  more  than  four  draekmce, 
or  sixty-two  cents !  He  became  a  disciple  of  Zeno,  and  that  he  might  have 
leisure  to  attend  the  schools  of  philosophy  in  the  day-time,  he  drew  water 
by  night,  as  a  common  laborer  in  the  public  gardens.  For  several  years 
he  was  so  very  poor,  that  he  wrote  the  heads  of  bis  roaster's  lectures,  on 
bones  and  shells,  for  want  of  money  to  buy  better  materials ;  at  last,  some 
Athenian  citizens  observing,  that  though  he  appeared  strong  and  healthy, 
he  had  no  visible  means  of  subsistence,  summoned  him  before  the  Areo 
pagus,  according  to  a  law  borrowed  from  the  Egyptians,  to  give  an  account 
of  his  manner  of  living.  Upon  this,  he  produced  the  gardener  for  whom 
he  drew  water,  and  a  woman  for  whom  he  ground  meal,  as  witnesses  to 
prove  that  he  sut)sisted  by  the  labor  of  his  hands.     The  judges,  we  are 

•  Larflner'n  Arts,  Ac.  i,  268.     ^  Dracriptions  des  Arts  et  Metiers.  Palis,  1761.  Art.  de 
Boolaujjc'r.  Plaache  5.    *  Rujsel's  History  of  Aleppo,  p.  7. 
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liild,  were  sf<  much  stntck  with  ndmiratlon  of  his  conduct,  that,  they  or 
(Icrrd  ton  min<r,  [one  hun>lrciJ  and  siMy  dullurs]  to  bu  psiid  him  uuldf  the 
putilic  tr<'A«iirv. 

Tho  oinduct  <i('  CItaiiihrs  cxiilains  ihc  secrot  of  the  greiit  cclflirity  of 
Uiatiy  nncit-nt  ph'iloxi|jhoi-s.  uikI  >hoW8  Uif  y;i/y  mi-ans  \i\  wiiicli  vniiiii'lice 
hi  ar       '  (lent  ol"  iiuiiiuii  knnwIiMlge  fan  l«'  acijuired:  viz.  In  imliutrij 

and  ,  <■'■(.     lk'Vi>li.'»  Ills  povtrly,  which  of  ilM-lf  was  siillk-icrU  Ui 

j)arid_\zt  Lhi  tlT.irts  of  nio»t  nii'ii,  lie  muh  so  sm^ulHily  dull  in  ii|i(iroheii- 
w'Mi,  tliat  his  fellow  disciples  used  t</call  him  the  okh  ;  bnl  resoliilinn  and 
II  rai>«"l  hill)  above  iher.i  all,  made  him  a  c<impli'tc  nuister  of 
jrliilo~o(ihy.  and  qunliHed  liiina-<in  successor  of  the  illustrious  Zeno. 
UcriiDcritUM  Ijcautifully  expressed  the  same  sentiincnt.  by  representing 
Truth  ns  hid  in  the  bottom  of  a  well;  to  intimate  the  dilhculty  with  which 
che  is  found. 

AiiaUiguus  ti  the  conduct  of  Clcanthcs,  was  that  of  Plautus,  the  poet, 
who  being  reduced  from  eomjtetence  to  the  meanest  poverty,  hired  him- 
self lu  »  Itaker  as  a  coniinon  laborer,  and  while  employed  in  grinding 
com,  exercised  his  mind  iu  study.  The  same  may  be  remarked  of  A«cle- 
yiivivi  and  Menedernus,  two  Grecian  philosophers,  wh"  wore  both  so 
jKnn,  that  Ht  one  period,  they  hired  themselves  as  brick/a i/er'g  Uihoren, 
ftiid  weie  emploN  ed  in  curryinc  mortar  to  the  tops  of  buildings.  Ascle- 
piadc^  w.is  not  ashnmcd  to  be  seen  thus  engaged,  but  his  companion  "hid 
himself  if  he  sjiw  any  one  pas-ing  by."  Athciircus,  says  they  were  at 
one  time  summoned,  like  Cleanlhes,  before  the  Arcopagitcs,  to  account 
f»r  their  n>aniicr  of  living — when  ihey  reipieslcd  a  miller  to  be  sent  for, 
who  tt-tlhed  timt  "  they  Came  fvfiy  niylit  to  his  mill,  where  they  labored 
and  gained  I'co  drachma." 

No.  8,  in  the  last  engraving,  represents  a  modem  Greek  female  drawing 
water.  It  is  from  a  sketch  of  Capo  D^Istrias'  house.  See  the  Westminster 
Review  for  SeptcmU«r,  1838. 


JiMrrn  Pule. 
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This  simple  implement,  may  be  thought  too  in- 
eigniiiciint  to  deserve  a  parliculjir  notice,  but  as  it 
is  e.\teMsively  used  in  our  rain-water  cisterns,  and 
is  no  mcxlern  device,  wc  are  unwilling  to  pass  it. 
It  was  known  to  the  Hoinans.  Pliny  expressly 
mentions  it,  when  speaking  of  various  modes  of 
watering  gardens.  He  says  water  is  dra'-vn  from 
swell  ortiink,"by  plain  poles,  hooks  and  hiickels,"' 
B.  xix,  4  ;  and  thatit  wiis  a  domestic  implement  in 
old  times  as  at  [>resent,  in  raising  water  from 
cisterns,  is  proved  by  the  discovery  of  some  of 
the  hooks  at  Pompeii.  Lnrd.  Arts.  Aio.  i,  205. 
Having  mentioned  the  rain  water  cisterns  of  the 
Romans,  it  may  iie  observed,  that  they  were  as 
common  in  Pompeii  as  they  are  in  this  city,  every 
l»ouse  having  been  furnished  with  one. 

As  Pliny's  account  of  these  cisterns  may  be 
useful  to  some  mechanics,  especially  inasons,  we 
shall  make  no  npology  for  inserting  it.  "  The 
walls  were  lined  with  strong  cement,  forrneil  of 
five  parts  of  sharp  sjind,  and  two  of  quicklime 
mixed  with  flints  ;  the  bottom  being  paved  with 
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the  same,  and  Wfll  beaten  with  an  iron  rammer."  B.  xxxvi,  23.  Holland's 
Trans.  The  composition  of  this  cement,  differs  from  that  which  Dr. 
Shaw  says  has  been  used  in  modem  times  in  the  east;  and  which  he 
thinks  is  the  same  as  that  of  tlie  ancients.  lie  siirs  the  cisterns  which 
were  built  by  Sullait  ben  E)/lib,in  several  parts  of  the  kingdom  of  Tunis, 
are  equal  in  solidity  with  the  famous  ones  at  Carthafje,  continuing  to  this 
day  (unless  where  ihey  have  been  designedly  broken,)  a<  firm  and  compact, 
as  if  they  were  just  finished.  The  composition  is  made  in  this  manner  •. 
they  take  two  parts  of  wood  ashes,  three  of  lime,  and  one  of  fine  sand, 
which  after  being  well  sifted  and  mixed  together,  they  beat  for  three 
days  and  nights  incessantly  with  wooden  mallets,  sprinkling  them  alter- 
nately  and  at  proper  times,  with  a  little  oil  and  water,  till  they  become 
of  a  due  consistence.  This  comp>sition  is  chiefly  used  in  their  arches, 
cisterns  and  terraces.  But  the  pipes  of  their  aqueducts,  are  joined  by 
beating  tow  and  lime  together,  with  oil  only,  without  an  v  mi.xture  of  water. 
Both  these  compositions  quickly  assume  the  hardness  of  stone,  and  suffer  no 
water  to  pervade  them.     Trav.  286. 

If  the  Romans  wished  to  have  water  perfectly  pure,  they  made  two 
and  sometimes  three  cisterns,  at  different  levels ;  so  that  the  water  suc- 
cessively deposited  the  impurities  with  which  it  might  be  charged. 
From  this  we  see  that  the  recent  introduction  of  tiro  cisterns  for  the 
same  purpose,  in  some  of  our  best  houses,  is  a  pretty  old  contrivance. 
It  in  fact  dates  far  beyond  the  Roman  era.  The  CanKMis  cisterns  of  S<v 
lomon  are  examples  of  it.  Rain-water  was  frequently  boiled  by  the  Ro- 
mans before  they  used  it.  Pliny  xxxi,  3.  This  was  also  an  ancient  prac- 
tice among  older  nations.  Herodotus,  says  the  water  of  the  Chcaspes, 
which  was  drimk  by  the  Persian  kings,  was  previously  boiled,  and  kept 
in  vessels  of  silver.     B.  i,  188. 


CHAPTER    IX. 

Tha  Pulle)  :  Its  orlitin  nnlcnnvn— ITsed  In  the  arMtton  of  anclant  bnlldtngs  and  in  ships — Ancient 
one  found  in  Egypt— Probably  flnt  iu«d  to  nito  vtter — Nut  extenMvely  u»eil  in  ancient  Qreeitm  wolla : 
C«ase  of  tills — UmmI  in  Mecca  and  Japan— Led  to  tbe  employment  of  anim.ils  to  raise  water — Simple 
mode  of  adapting  them  to  this  purpose,  in  the  east.  Pulley  and  two  buckets;  Used  by  the  Anglo 
Baxons.  Normans,  Ac.— Italian  mode  of  raising  vater  to  upper  Doors— Deragulier's  mode— 8«If-«cl- 
ing,  or  gaining  and  losing  buckets — Marquis  of  Worcester— Iteron  of  lUoxaudria— Bobert  Fludd— 
Lever  bucket  engine — Bucket  of  Bologna— Materials  of  ancient  buckets. 

PCLLET    AND   8INOLB    BUCKET. 

Wb  now  come  to  the  period  wher  some  of  the  simple  machines,  or 
mechanical  powers,  as  they  are  improj  crly  named,  were  applied  to  raise 
water.  WJien  this  first  took  place,  is  unknown  :  That  it  was  at  an  early 
Btage  in  the  progress  of  the  arts,  few  persons  will  doubt;  but  the  time  is 
as  uncertain,  as  that  of  the  invention  of  those  admirable  contrivances 
for  transmitting  and  modifying  forces.  It  was  among  the  devices  by 
which  the  famous  structures  of  antiquity  were  raised  ;  and  Egyptian  en- 
gineers under  the  Pharaohs,  were  undoubtedly  acquainted  with  all  the 
combinations  of  it  now  known.  Had  Vitruvius  neither  described  it,  i.or 
mentioned  its  applications,  a  circumstance  which  occurred  at  the  close  of 
Oeopatra's  life,  would  have  sufficiently  proved  its  general  use,  in  the 
erection  of  elevated  buildings  under  the  Ptolemies.    The  Egyptian  queen. 
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to  arirld  falling  tnln  the  hands  of  Octnviujt,  took  refuge  in  a  very  high 

to«vr,  iMxv-»sil]lK  only  from  aliuvc.      Litu  thi?,  she  and  her  two  iimijH, 

Atvm  u\>  Aiit<iii_\,  (wild  li;iil   givrii  himself  a  tiit.il  woiiii.l.)  by  nie^iris  of 

r  1  piilliei,  v»hiph  luip|>«tifd  to  be  there,  for  ihu  piir|nisc  of  raising 

I  the  top  of  till'   hiiildiug.     But  the  piillv  was  »n   fssent'uil   re- 

<iui-iU:  io  the  sjiilir:  -if  Kgypt,  India,  and  Cliinn,  in  the  remotest 

[4gr*.      Neither  tr  .  -.  nor  the  war  fleets  of  SesiiMtris,  or  [ireviotis 

•  lirriorH  could  have  liav<?t>ed  tlie  Indian  oet'iiii  without  this  apj)endnge  to 

'  nii<«  or  UW'  r  the  siils,  or  ijuiekiy  to  reguliite  their  movements  liy  lial- 

I  liltnls.     'I ho  andetil  Egyptian*,  ^ays  Mr.  Williinson.  "were  not  ignorant 

of  tho  pulley."     The  remains  of  one  have  aetually  been  disinterred,  and 

are  imw  prcMirved   in    th--  museum   of    Ley<len.     The  sides   are  of  atliiil 

or  tam.tri»k  wood,  liie  roller  of  fir:  part  of  the  rope  iniule  ofler/nr  (ibies 

C'f  the  date  tree,  was  found  at  the  sjuiie  time.     This  relie  of  former  times, 

U  tijpjMiscd  to  Imve  be«i  used  in  drawing  water  from  a  well.     Its  date  is 

ujuvrtrtin. 

IVic  an?  reasons  which  render  it  probable  that  the  sinyle  pulley,  was 
JeviMil  to  raise  water  and  earth  from  wells, and  protialiility  in  all  ihatejm 
ever  be  allained  with  regard  to  it<i  origin.  But  inay  not  the  pulley  have 
beta  k.twvu/frf'ire  wells?  VVc  think  not,  and  for  the  following  reasons: 
I.  Most  barbarous  people  have  been  found  in  possession  of  some  of  tho 
latler,  but  not  of  the  former;  and  in  the  infancy  of  the  arts,  man  has  in 
all  ages,  had  recourse  to  tli''  same  expedients,  and  in  the  xi/mr  nrji-r.  'Z. 
Wells  are  hot-  only  of  the  highest  antiquity,  but  tiny  are  lln'  oniy  known 
\>'urk<  of  u.an  in  early  tunes,  in  whieh  the  pulley  could  have  been  re. 
y«<rfr7  IT  ajiplied.  3.  The  im|Hirtanee  of  water  in  tho.se  [lartt  of  Asia 
wher«  the  former  generations  of  men  dwelt,  must  have  urged  them  at  an 
early  jicriod  to  facilitate,  by  the  pully,  the  labor  of  raiding  it.  That  it 
preceded  the  invention  of  ships,  and  the  erection  of  lolVy  buildings  of  stone, 
n  xl!  but  eertain.  but  for  what  purjio^e,  exeepl  f<u-  raising  water,  the  pul- 
ley eiiuld  Ijave  previou-sly  been  required,  it  would  bo  ditfieull  to  divine, 
tt  seems  to  have  been  the  first  addition  made  to  those  primitive  luiple- 
menis,  the  cord  and  bucket;  un<l  when  once  adopted,  it  naturally  led.  as 
«•  altall  find  in  the  sc<^uel,  to  the  most  valuable  maehine  whieh  the  an- 
cients employed.  By  it  the  friction  of  the  rope 
in  rubbing  against  the  curb,  and  llie  consequent 
loss  of  a  poition  of  tho  power  expended  in  rai.iing 
the  water,  were  avoided,  and  by  it  also  a  beneficial 
change  in  the  direction  of  the  power  was  attiiined  : 
instead  of  being  exerted  in  un  ascending  direction, 
as  in  Nos.  8  and  9,  it  is  applied  moreconveiiieiiliy 
and  efficiently  in  a  descending  one,  as  in  'he  figure. 
Notwithstanding  the  obvious  advantAges  of  using 
the  pulley,  it  would  appear  that  it  was  not  e.Yten- 
siveiy  used  in  the  public  wells  of  the  ancients,  ex- 
cept in  those  from  which  the  water  was  raised  by 

^^^___    oxen.     No  example  of  its  use  has  occurred  in  the 

■0.11.  Puilifi  utd  BudMt.  Wells  of  Ilerculnneuui  or  Pom[>eii.  Nor  does  it 
appear  to  have  been  employed  to  any  great  extent 
by  the  Greeks;  for  with  them,  a  vessel  by  which  to  draw  water,  was  as 
OWWMry  n  utensil  to  their  mendicant.s,  as  to  the  modern  pilgrims  and 
fokir»  of  Asia.  The  poorest  of  beggars,  Aristophanes'  Tile/ihi'iit,  h;id  a 
«t«fl*.  a  bniken  cup  and  a  bucket,  although  it  leaked.  This  custom,  there 
fore,  of  carrying  a  vessel,  and  cord  to  draw  water,  shows  that  no  per- 
manent ouo  was  attached  to  their  public  wells,  which  would  have  teen 
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the  case  Ijid  the  puller  been  usod.  If  such  had  been  the  custom,  neither 
the  ineiidicant  Ti-lepheus,  nor  I.)i<ig<.ne#,  the  philosopher,  would  have  car- 
ried a>x>ut  with  tlii-m  vessels  Cir  tlie  purpose. 

It  is  not  easy  to  account  for  the  partial  ri-jection  of  the  pulley  by  the 
Greeks  in  raising  water,  when  its  ii:triK]uctit^n  would  have  mati-rially  di- 
minished human  Ial)or.  It  certainly  did  n<.>t  arise  from  ignorauoc  of  its 
advantages,  as  their  c-onstant  appiieatiim  of  it  to  other  purposes  attests ; 
and  there  is  reas<in  to  believe,  they  adopted  it  to  some  extent  in  rai>ing 
water  fii>m  the  hoMs  of  their  ships,  in  common  with  the  maritime  people 
of  Asia.  It  was  ind(.-ed  used  in  s<jme  of  their  wells,»  but  only  to  a  limi- 
ted extent.  The  princiiia!  reasfjn  fornot  employing;  it  in  puiilic  wells,  waa 
probably  this — AVith  it  a  single  person  only  could  draw  water  at  a  time, 
while  without  it  numbers  could  lower  and  raise  their  vessels  simulta- 
neously, without  interfering  with  each  other.  In  the  former  case,  alter- 
cations would  be  frequent  and  unavoidable ;  and  the  inconvenience  uf 
numbers  of  people  waiting  for  water  in  warm  climates  a  serious  evil.  The 
rich,  and  those  who  had  servants  would  always  procure  it,  while  the  poor 
and  such  as  had  no  leisure,  would  obtain  it  with  difficulty.  The  hiriie  di- 
ameter of  their  wells  and  those  of  other  nations,  it  would  secm,  wjis  solely 
designed  to  a<-c<jmmodate  several  people  at  the  same  time.  Tiiese  rea- 
s<>ns  it  is  admitted  do  not  apply  to  the  private  wells  and  cisterns  of  the 
Greeks  and  Hoinans,  in  which  the  pulley  might  have  been  u^ed  ;  but 
those  peof>le  followed  the  practice  of  older  nations,  and  from  the  great 
number  of  their  slave*,  (who  drew  the  water)  they  had  no  inJucetiient  or 
disposition  to  lesson  their  labor. 

A  bucket  suspended  over  a  pulley,  is  still  extensively  used  in  raising 
water  from  wells  throughout  the  world.  The  .\rabians  use  it  at  the  well 
ZeMi;cem  ;  the  mouth  of  which,  is  "surrounded  by  a  brim  of  fine  uhite 
marble,  live  feet  high,  and  ten  feet  in  diaimHer ;  upon  this  the  persons 
stand,  wh(j  draw  water  in  leathern  buckets,  attached  to  pullei/i,  an  iron 
railing  being  .so  placed  as  to  prevent  their  falling  in."'' 

Apparatus  precisely  similar  to  the  figure  in  Xo.  11,  are  used  by  the  Ja- 
panese and  other  Asiatics.     Montanus'  Japan,  294. 

The  pulley  has  but  recently  given  place  to  pumps,  in  workshops  and 
dwellings,  and  in  these  only  to  a  limited  extent — being  confined  chiefly 
to  a  few  cities  in  the  United  States  and  Europe.  In  France  and  England, 
it  was  a  common  appendage  to  wells  in  the  interior  of  houses,  during  the 
last  century;  and  in  such  cases  it  is  still  extensively  used  throughout 
Spain,  Portugal  and  other  parts  of  Europe.  It  is  very  common  in  this 
country,  and  also  in  South  America. 

But  the  grand  advantage  of  the  pulley  in  the  early  ages  was  this; — by 
it  the  vertical  direction  in  which  men  exerted  their  strength,  could  be  di- 
rectly changed  into  a  horizontal  one,  by  which  change  animals  could  be 
employed  in  place  of  men.  The  wells  of  Asia,  frequently  varying  from 
two  to  three,  and  even  four  hundred  feet  in  depth,  obviously  required 
more  than  one  person  to  raise  the  contents  of  an  ordinary  sized  vessel :  and 
where  numbers  of  people  depended  on  such  wells,  not  merely  to  sup- 
ply their  domestic  wants,  but  for  the  purpose  of  irrigation,  the  substi- 
tution of  animah  in  place  of  men,  to  raise  water,  beciime  a  matter  almost 
of  necessity,  an<l  was  certainly  adopted  at  a  very  early  period.  In  em- 
ploying an  ox  fi)r  this  purpose,  the  simplest  w*-y,  and  one  which  deviated 
the  least  from  their  accustomed  method,  was  iiierely  to  attach  the  end  of 
the  rope  to  the  yoke,  after  passing  it  over  a  pulley  fixed  sufficiently 

•  Lardaer'fc  Arts,  itic.  i,  1S8.  *  Crichton's  Arabia,  ii,  2i3. 
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bigb  alx-iTf  ibe  mouth  of  thi'  w^ll,  and  thon  driving  the  Hnimal  in  n  direit 
Jirie  fmtn  il.  and  to  a  distaiiv?  equal  to  its  depth,  whoii  ihi-  buikct  chargi'd 

l«ith  the  iiiniid  would  be  raised  from  the  Ixittom.  This,  the  lrll)^t  dirwt 
ind  efficient,  vrux  (it  is  believed,)  the  identical  mode  adopted,  uiid  like 
Bthcr  devices  of  the  ancients,  it  is  still  continued  by  their  descendants  ir 
^fricJi  and  Asia.  Its  value  in  the  e^tinintion  of  the  modern?',  may  be 
fomed  from  I  he  fact,  that  it  is  adopted  in  this  and  other  cities  for  raising 
|i>als.  Ate.  from  the  holds  of  ships;  for  whii.-h  and  similai  purposes,  it  has 
sen  in  u*e  for  a^^es  in   Europe.     It  ha»  also  been  used  to  wtirk  pumps, 

'ihe  further  end  of  the  rope  being  attached  to  a  heavy  piston  working  ir. 
u  very  long  chamber  or  cylinder. 


//ttNM 
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Ko.  1%    Aaolcnl  sod  Modem  nctbod  oTrdflas  water  In  Asia. 

ThU  was  probiil)ly  one  of  the  first  operations,  .ind  certainly  one  of  the 
|fn<Mt  obvious,  where  human  labor  was  superseded  by  that  of  animals,  and 
lio  acoofiiplishiii};  it,  the  pully  itself  was  perhaps  iHscovercd.  Tliis  mode 
lis  common  in  E<rypt,  Anibia,  India — through  all  Hindostan,  and  various 
Mither  piirts  of  the  ea^t.  Mr.  Elphinst«)ne  mentions  a  large  well  \mder  the 
ivnils  uf  the  fort  at  Bikaneer,  from  fifK-en  to  twenty-two  feet  in  diameter, 
land  tliree  hundred  feet  deep.  In  this  well  fmir  large  b.^ckets  are  used, 
Icneh  thus  drown  up  by  a  pair  of  oxen,  and  all  worked  at  the  same  time. 
I  When  ar.y  one  of  them  was  let  down,  "  its  striking  the  water,  made  a  noise 
llike  n  great  gun."  But  simple  as  this  mode  of  raising  water  by  animals 
Its,  il  is  capal>le  of  an  improvement  equally  simple,  thou;;h  not  perhaps  ob- 
Iviouslogi-iicral  reaiJers.  It  was  not  however  left  to  niodern  mechnnicians  to 
i.di*cov*er,  hut  is  one  ainon;;  hundreds  of  ancient  devices,  whose  origin  is 
(lost  in  the  remoteness  of  time.  It  is  this — Instead  of  the  animal  receding 
[from  the  well  on  level  ground,  it  is  made  to  des<-end  an  inrlinetl plnne,  fo 
Ithat  the  lecight  of  its  body  conlril)Utes  towards  raising  the  load.  This  is 
[characteristic  of  Asiatic  devices.  At  a  very  early  period,  the  principle 
Lof  omhininfj  tlie  wii/ht  of  men  anil  aiiunals  with  their  mttfrulnr  eneiri;/, 
tin  propelling  iiuichiiies,  was  adopted.  We  ihttii  meet  with  other  c.\atu- 
frili-q  of"  it. 


Pin.LKY    AND    TWO    BUCKKTS. 

TTie  nildition  of  another  bucket,  so  as  to  have  one  at  each  end  of  the 

fr'pe,  was  the  next  step  in  the  progress  of  improvement;  and  allhoiigh  so 

fimple  H  device  may  appear  too  obvious  to  have  remaiiieiJ  long  miper- 

wived,  and  one  whirh   required  no  stretch  of  intellect  to  accotiqriish,  it 

»ft<5  olio  of  no  suiall  im]x>rlatice,  since  it  etfected  what  is  ."cldom  witnessed 

fin  practical  mi^-lianics — a  saving  both  of  time  and  labor.     Thus,  by  it, 

Itbc  crni>ty  vp.s.scl  descended  and  became  filled,  as  the  other  was  elevated, 
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(wiihou'  tlio  exjipridilure  of  any  additional  time  nnd  Inbor  to  jrmor  it,  as 
with  the  single  buckt'l,)  >*hile  its  weight  in  d-.scending,  vontribuicd  toward* 
raising  the  charged  one. 

These  advantfigi's  were  not  the  only  results  of  the  simple  addition  of 
another  luicket ;  though  they  were  proliahly  all  thiit  were  anticipated  by 
the  author  at  the  lime.  It  really  tmparled  a  new  feature  to  the  apparalns, 
and  one  which  natiir:illy  led  to  (he  developTnent  of  that  great  machine,  in 
which  tcrrniiialeil  ail  llie  imprcpvpnients  of  the  oliJer  mechanics  on  the 
primitive  cord  and  Inukel — and  to  which,  modern  ingerniity  has  added — 
notliing — viy, :  TtiK  Esni.Ksa  chain  ok  pot» — imleed  noliiing  more  was 
then  wanting,  but  to  iniite  the  two  ends  of  the  rope  together,  and  attach 
A  number  of  its  vessels  to  it,  at  equal  distances  from  each  other,  through  the 
whole  uf  its  length,  and  the  machine  just  named  was  all  but  complete. 
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Tlie  Anglo  Saxons  nsed  two  buckets  hooped  with  iron,  one  at  each 
end  of  a  chain  which  pa-^sed  over  a  pulley."  And  in  the  old  Norman 
castles,  water  was  r.iiscd  by  the  same  means.  In  one  of  the  keeps  or  tottiei-t, 
still  rcnniining,  which  was  built  bv  Gundulph,  lii.shop  of  Jlochester,  in 
the  reigns  of  the  QiiKjueror  and  William  Riifiis,  the  mode  of  elevating 
the  water  is  obvious.  "For  water,  there  was  a  well  in  the  very  middle 
of  the  partition  irall:  it  was  also  made  to  go  through  the  whole  wall,  from 
the  bottom  of  tiie  tower  np  to  the  very  leads,  (ii  e.  the  roof)  and  on  every 
floor  were  small  arches  in  the  wall,  formiiisi  a  cortmiunication  between 
the  pipe  of  the  wall,  and  the  several  apartments,  so  that  by  a  pulley, 
water  was  communicjited  every  where."  And  in  Newcastle,  a  similar 
tower  exhibits  the  sjime  device  fir  obtaining  tlte  water:  "a  remarkable 
pillar  fiom  which  arches  branched  out  very  bcaulifidly  on  each  side,  in 
closed  a  pipe,  (that  is,  the  continuation  of  the  well,)  which  conducted 
water  from  the  well."*'  It  appears  to  have  been,  in  the  middle  ages,  the 
uniform  practice  to  enclose  wells  within  ihe  walls  of  towers,  that  in  case 
of  sieges,  the  water  ttiiglit  not  he  etit  olf.  It  was  the  same  in  early 
Rome:  the  cnpilol  was  supplied  by  a  deep  well  at  the  ffMit  of  the  Tar- 
peian  Rock,  info  which  buckets  were  lowered  through  an  artificial  groove 
or  passage  made  in  the  rock.o  The  double  litic.kot  is  still  used  in  inns  in 
Spain.     See  a  figure  in  Sat.  Mug.  Vol.  vii.,  .58. 

A  simple  mofle  is  practised  in  Italy,  by  which  a  person  in  the  upper  story 
of  a  house,  nnd  at  some  distance  from  the  well  or  cistern,  (which  is  gen- 
erally in  the  cotirt  yard,)  raises  water  without  lieing  obliijod  to  descend. 

One  eni  of  a  strong  iron  rod  or  wire,  is  fixed  to  the  liouse  above  the 
window  tf  an  upper  lauding  or  passage,  and  the  other  end  in  the  ground. 


I 


•  Kneyo.  Antiq.  524.  *  Ibid,  82.  "  Oell's  Topography  uf  Rome,  ii,  808. 
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nc  the  fnrthtT  siiie  of  the  well  nnil  in  a  line  wilii  its  centn?  as  in  No.   15. 
A  ring  which  sliilcs  ed^ilv  over  the  wire  is  secuied  to  liie  haiidio  of  the 
.bucket.  U>  whifli  a  cord  is  als<i  attached  and  passes  ovyr  a  pulley  fixed 
ive  the  window.     Thus  when  the  cord   is  slackened,  the  bucket  de- 
scends along  the  wire  into  the  water, 
atid  when  filled  is  diiiwn  up  l>y  a  per- 
wph  at  the  window.     (Kitchens  in  the 
houses  tif  Italy,  like  those  of  L(jndon 
and  Paris  are  often  on  the  upper  floors.) 
"  This  (node  of  raising  water  to  the  up- 
per stories  of  houses  is  practised  in  Ve- 
nice  and  some  other  towns  in  Italy."* 
Wearenotacnnainted  with  the  origin  of 
this  device.    I'rom  the  eircunislanceof 
the  ancient,  (a-i  well  as  the  modern)  in- 
habitants  of   Asia,  Greece,  Italy,  &c. 
having  had  jots  d'eau  and  tanks  of  w»- 
1^1  'I,     '  JTjJ    H    H     tur  in  the  centre  of  their  court-yards, 

llM   B      O    '  W'    9    ■    I     H  is  possible  that  this  tnode  of  raising 
"■l/S       MiIIbI     water  t<i  the  upper  (loors  of  dwelling-^, 

may  be  of  ancient  date.  It  was  in  use 
in  the  lllth  century,  .and  is  des-cribed  in 
Servierc's  collc'clion,  from  which  the 
figure  is  taken. ••  In  the  same  work  are 
devices  for  raising  water  in  bu''ketstu 
the  tops  of  buildings  by  pulleys,  ropes, 
iic,  moved  by  water  wheels. 

Of  inoderii  devices  for  raising  water 
with  the  pulley  ond  bucket,  the  most  efficient  is  said  to  be  that  of  Dr. 
Des,«gulier».  .\fter  possini;  the  rope  over  a  pulley,  he  suspended  to  its 
enii  a  Iramo  of  wood  on  which  a  man  could  stand — the  bucket  at  the  other 
end  was  mailv  heavier  than  this  frame,  and  therefore  descended  of  itself. 
The  length  of  the  r"|)e  was  such,  that  when  the  biickyt  was  at  the  bottom, 
the  fnimo  was  level  with  the  place  to  which  the  water  was  to  be  raised. 
A>  soon  OS  the  bucket  was  filled  with  water,  for  the  admission  of  which 
a  hole  was  nmdc  in  its  bottom,  and  covered  bv  a  flap  or  valve,  a  man 
L«bose  weight  exceeded,  (with  the  frame)  that  of  the  bucket  and  water, 
(cpped  upon  the  frame,  and  sunk  down  with  it  to  the  bottom,  and  con- 
?quently  raised  the  biickit  of  water  to  the  required  height,  whfii  a  hook 
ntched  in  a  h/t-sp  at  the  side  of  the  bucket,  turned  it  over,  and  discharged 
It*  c«intents  inid  the  reservoir.  As  so(Ui  i.s  the  bucket  was  empty,  the 
man  at  the  b'lttom  stepped  off  the  frame  and  ran  up  a  flight  of  stairs  made 
"jr  the  purpose,  to  the  plare  whence  he  descen'Jed  ;  and  in  the  mean  time, 
bucket  being  heavier  th  m  the  fninte,  descended  to  the  water,  and  was 
ofjin  raised  by  trie  same  process. 

8i;oh  a  device  is  well  enough  t^ir  philosophical  experiment,  but  is  cer- 
»irdy  not  adapti^a  lor  pracli<iil  purposes.     Simple  its  it  m.iy  appear, 
*li»re  arc  requisites  necessary  to  its  efficient  application,  which  in  common 
prsctice  are  unattainable. 


.3  miMitt  of  nilftlna  wilier  to  th« 


•  CWdrir^  .Tmimey  iiil'i  Cnmlola.  Ititly.  Ac.     E  liiibnn^h.  1820.  i,  ^^\. 

*  lU'OX'i]  I>'<)uvmjic«  (_'m-iriiaE  (If  Mutlitfrintiquo  et  dc  Mertiniiinnp,  nu  Dewrriptinn 
I'u  Cabinet  de  M.  Gri)Ili»"r  dp  S<Tvicr<',  avor  dcs  tlifur«i  en  tiille  (Imiei'.  nnr  M.  Grol- 
licr  lie  Servierc,  »on  petit  6I».  A  Uyun,  1719.  Tlie  elder  Serviere  died  in  the  l"lh 
rtiiiirv. 
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8ELF-ACTIX6,   OR   OAlXI^rO    AXD   LOSrSO    BrCKETS. 

Ill  the  latter  part  of  the  IGth,  or  beginning  of  the  17th  centurj,  a  mt 
chine  for  raising  water,  was  in  use  in  Italy,  which  is  entitled  to  portioulai 
noti<i-,  on  acco'int  of  its  being  alleged  to  be  the  fir^it  one  of  the  kind 
which  was  wl/ai-tiny  ;  and  in  that  respect,  wai  the  fiirerunner  of  the 
motive  '  Fire  Efigine'  itself.  It  appears  to  have  been  first  described  by 
Schottus  in  his  Teehnia  Curiata.  According  to  Moxon,  his  description 
was  tjikc-n  from  one  in  actual  operation  at  "a  nobleman's  hou«eat  Basil." 
(Mcch.  Pow.  107.)  But  Belidor,  savs  the  first  one  who  put  such  a  thing  in 
execution.  wa^Gironimo  Unugio.  at  Rome  in  1(>I6:  although  Schottus  had 
long  ticfoi-p  flu  '.i-ir'd  an  engine  for  this  purpose.  Moxon  has  given  a  figure 
and  description  of  fine,  but  without  naming  the  source  from  whence  he  oh- 
taiiied  it :  he  says  it  was  "  tnade  at  Rome,  in  the  convent  of  St.  M.-tria  de 
Victoria :  the  lesser  bucket  did  contain  more  than  a  whole  urn  of  water, 
(at  Rome  th<-y  say  vn  Ijarile.)  but  before,  while  they  used  lesser  bnckets, 
the  engine  wanted  success."  It  would  seem  that  it  was  to  one  of  these 
'  Roman  Engines,'  that  the  Marquis  of  Worces- 
ter referred,  in  the  21st  proposition  of  his  Cen- 
tury of  Inventions  :  "  How  to  raise  water  con- 
stantly with  two  buckets  only,  day  and  night, 
without  any  other /'tree  than  it*  own  motion,  using 
— -—I  not  so  much  as  any  force,  wheel  or  sucker,  nor 
,  -  ^zi  more  pulleys  than  one,  on  which  the  cord  or  chain 
'^S^i  rolleth,  with  a  bucket  fastened  at  each  end. 
This  I  confess  I  have  seen  and  learned  of  the 
.  .  .  great  mathematician  Claudius,  his  studies  at 
!//  Rome,  he  bavins  made  a  present  thereof  unto  s 
/  cardinal,  and  I  desire  not  to  own  any  other  men's 
f  inventions,  but  if  I  set  down  any,  to  nominate  like 
wise  the  inventor." 

The  machine  dcjcribed  by  Moxon,  is  encum- 
bered with  too  many  appeiidiiges  for  popular 
illustration — its  essential  parts  will  be  under- 
stood by  the  accompanying  dlngrara,  from  Ila- 
chette's Traite  Elcnientaire  des  Machines,  Paris, 
1819.  Over  a  pulley  S,  are  suspended  two 
vessels  A  and  B,  of  uneq-.:al  dimensions.  The 
smaller  one  B,  is  made  heavier  than  A  when  both 
are  empty,  but  lighter  when  they  are  filled.  It 
is  re(jiiir<'d  to  raise  by  them  part  of  the  water 
from  the  spring  or  rescrvior  E,  into  the  cistern 
Z.  As  the  smaller  bucket  B,  by  its  superioi 
gravity,  descends  into  E,  (a  flap  or  valve  in  its 
bottom  admitting  the  water.)  it  consequently 
raises  A  into  the  position  represented  in  the 
figure.  A  pipe  F,  then  conveys  water  from  the 
reservoir  into  A,  the  orifice  or  bore  of  which 
pipe,  is  so  proportioned,  that  both  vessels  are 
filled  x/'wm/.'o/k'oms/v.  The  larger  bucket  then  pre- 
ponderates, descending  to  (>,  and  B  at  the  sjiine 
time  rising  to  the  upper  edge  of  Z.  when  the 
projecting  pins  O  O,  catch  against  others  on  the 
lower  5-ide  of  the  buckets,  and  overturn  them  at 
the  same  moment.  The  bails  or  h^indles  are  at- 
tached by  swivels  to  the  side,  a  little  above  the 
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wntrc  of  gravil..  As  '<.xm  as  both  vessels  are  cm  plied,  B  a^jilii  prc- 
pmdcrate-*,  aivi  the  opi-ration  it  repeated  withmit  any  atteiidunoe,  as 
long  »s  there  is  water  in  E  and  the  iipparatus  ctintinues  in  order. 

in  Moxon's  machine,  the  vessels  were  filled  by  two  separate  tubes  of 
nncqnal  bore ;  the  orifices  being  covered  by  valves,  to  prevent  the  es- 
cupe  of  water  while  the  buckets  were  in  motion  ;  these  valves  were 
opened  and  closed  tiy  means  of  cords  nlt.'iched  to  the  buckets.  The  efflux 
tiirough  F  in  the  figure,  may  easily  be  stopped  as  soon  as  A  begins  (,o  de- 
scend, by  the  action  of  either  bucket  on  the  end  of  a  lever  nttai.'hcd  to  a 
vtlve,  or  by  other  obvious  cininvance-";.  The  water  disehariied  Ironi  A, 
runs  to  wa>lo  thmugh  some  chnr.'iel  provided  for  the  purpose.  I'hL'S*! 
^a^chines  are  of  limited  applicaiioi.  since  they  re.ipiiro  a  fall  for  the  de- 
*i0BRt  of  A,  eqiial  to  the  elevation  to  which  the  liquid  is  raised  in  B.  They 
may  however  be  raodificd  to  suit  locations  where  a  less  descent  only  c.in 
be  obtained.  Thus,  by  connfoting  the  rope  of  B  to  the  periphery  of  a 
Iwge  wheel,  while  that  of  A  is  united  to  a  smaller  one  on  the  same  axis, 
lVM«r  may  be  raised  higher  thiin  the  larger  bueket  falls,  but  the  quantity 
raised  will  of  course  bn  proportionately  dimin'-!ied. 

In  Serviere's  C-oilection,  a  Gaining  and  Losinc  Bucket  Machine  is  de- 
•cribed.  Another  one  wiis  invented  in  17'25,  by  George  Gerves  nn  Eng- 
lish carpenter,  w  ho  probably  w;n  not  aware  that  he  had  been  anticipated 
by  continental  mechanics  npwards  of  a  century  bi-fore.  He  erected  one 
in  Buckingharashiro,  which  was  tnuch  approved  of  by  Sir  Isaac  Newton, 
Brighton,  Desagjiiers,  Switzor.  and  others.  Mr.  Ueighton,  who  drew  up 
a  description  of  it,  observes  thjit  it  was  so  free  from  friction,  that  "it  is 
likely  to  Continue  an  age  without  repair;  and  Dr.  Dc*aguliers  on  insert- 
ing an  acc<iunt  of  il;  in  his  Experimental  Fhilosoiihy,  vol.  ii,  401,  says, 
"this  engine  has  not  been  out  of  order  since  it  waslii-st  set  up,  about  fit- 
t«»en  years  ago."  N"twithsfanding  th-se  favuurabio  t«stIinoiii;ils,  it  has 
fulkn  int"  disuse.  It  was  much  too  complex  and  ciiiribers<jme,  and' of  too 
Umit'-d  ■'■  o  ever  to  become  popular. 

The  !■  t'  self  action  in  all  these  maehines  is  no  modem  discovery, 

for  it  was  ile^erilied  by  Heron  of  ,\lcxandri:i,  who  applied  it  to  the  open- 
ing and  closing  the  doors  of  a  temple,  and  to  other  purposes.  The  mo- 
tive bucket  when  filled,  descended  and  communicated  by  a  secret  cord 
the  movement  re(]uire<l,  and  when  its  contents  -."ere  diseha.ged  (by  a  si 
similar  to  the  one  figured  in  the  Clepsy'lrii  of  Ctesibius,  in  our  fifth 
k,)  il  was  again  raised  by  a  weight  at  the  other  eno  of  the  cord,  like  the 
bacJtvL,  in  the  last  figure.  See  De  Natnnc  Simia  sen  technicA  tna(.To- 
co^mi  historia,  by  Robert  Fludd,  (the  English  liosicruci-jn.)  Oppenheira, 
lOlS,  pp.  478  and  489,  where  several  similar  contrivance.)  are  figured — 
henoe  the  device  is  much  older  thaTi  has  been  supposed.  Perhaps  the 
l)e»t  modification  of  the.  'Gaining  and  Losing  Bucket',  is  Fr.incini's.  a  de- 
Mcriptioc  of  which  may  be  seen  in  our  account  of  the  Endless  Chain  of 
Pots. 

A  /rtrr  machine  describwl  by  Dr.  Desaguliers  may  here  be  noticed.  "  A  A, 
(N'>.  17.)  are  twn  sp<iuts  runninc;  from  a  gutter  or  spring  i>f  water,  into  the 
l,wo  bucket*  D  and  E  D  contntn'ng  about  thirty  gallons  and  being  c«llcd 
thti  lusiitit  liucket,  and  E  the  gaining  bucket,  containing  less  than  a  quarter 
,  of  D,  as  for  example  six  galloLs.  I)  E,  is  a  lever  or  beam  movable 
m  the  axis  or  centre  C,  which  is  supported  by  the  pieces  F  F,  be- 
tween which  the  bucket  D  can  descend  when  the  co.itrary  bucket  E  is 
rais'-d  up,  D  C,  is  to  C  E,  as  one  is  to  f mr.  G  L  is  an  upright  piece, 
through  the  top  of  which  the  lever  K  I  moves  about  the  t-ontre  Ij, 
nimetimes  resting  un  the  prop  II,  aiid.s'.)metimes  raised  from  it  by  the 
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pressure  of  the  nrtn  C  E  on  the  end  I.  Tho  buuket  D  -.iihen  empty,  has 
its  mouth  upwnrJs,  being  suspended  as  al>ove  mentioned.  The  end  D 
witii  its  bucket  is  nl»o  lighter  thaJi  the  end  with  Iho  bucket  E,  when  both 
are  empty.  By  reason  of  tin-  different  bore  of  the  spouts,  D  is  filled  al- 
most as  soon  as  E,  and  imnirrdifttely  prepi>ni)crating,  sinks  down  to  D, 
and  thereby  raises  the  contrary  end  of  the  lever,  and  its  bucket 
up  to  the  cistern  M,  itito  which  it  dischargies  its  wat«r ;  but  immediately 
the  bucket  D  becoming  full,  pours  out  lt«  water,  and  the  end  of  the  lever 
E  comes  down  again  iuto  its  horizontal  situation,  and  striking  upon  the 
end  1  of  the  loaded  leaver  1  K.  raises  the  weight  K,  by  which  means  the 
force  of  its  blow  is  broken.  If  the  distance  A  B  or  fall  of  the  water  be 
about  six  feet,  this  machine  will  raise  the  water  into  the  cistern  M  twenty 
four  feet  high.  Such  a  machine  is  very  simple  and  may  be  made  in  any 
proportion  according  to  tho  full  of  the  water,  the  quantity  allowed  to  be 
wasted,  and  the  height  to  which  the  water  must  be  raised." 
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"Someyecrs  figo,"Dr.  Desagulicrs continues,  "a  gentleman  showed  me 
a  model  of  such  an  engine  varying  something  from  this,  hut  so  con- 
trived AS  to  stop  llie  running  of  the  water  at  A  A,  when  the  lever  D  E 
began  to  move.  He  told  me  he  had  set  up  an  engine  in  Irtlanti  which 
raised  about  half  a  hogshead  of  water  in  a  minute,  forty  feet  high,  and 
did  not  cost  forty  shillings  a  year  to  keep  it  in  repnir,  and  that  it  was  not 
7ery  expensive  to  set  up  at  first."     Experimental  PhiloRiphy,  vol.  i,  78. 

There  is  a  singular  historical  fact  coimected  with  the  use  of  buckets  to 
raise  water  from  wells,  which  wilt  serve  to  conclude  this  part  of  the  sub- 
jec.  Every  person  knows,  that  war  between  nations  has  often  arisen 
frr-m  the  most  trifling  causes ;  when  thousands  of  human  beings,  alike 
ignorant  and  innocent  of  its  origin,  hired  by  its  authors,  armed  with 
murderous  weapons  and  incessantly  exercised  in  the  use  of  them,  are 
marshaled  into  the  presence  of  a  similar  host;  when  both  being  stimu 
latc'd  by  inflaming  addresses,  and  ofteu  excited  by  ardent  spirits,  destroy 
each  other  like  infuriated  tigers!  Then  after  one  p.irty  is  overcome,  the 
ofher  glorying  in  the  slaughter,  hail  their  leader  a  hero,  and  not  infre. 
quently  do  that,  which  fiends  would  shudder  to  think  of — viz.  return 
thanks  to  the  benign  Saviour  of  men,  for  having  enabled  them  thus  to  d" 
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$troy  their  species  ;  and  to  produce  an  amount  of  misery,  as  evinced  in  the 
<shrieks  ut  the  wnunded — the  ai;onip»  of  the  dving — llitf  unutterable  pan^ 
widows,  and  the  untold  sufferings  of  orphnns — tliiit  would  suffice  to 
draw  tears  from  demons  I  And  all  this  for  wh:ii  ?  Why,  at  one  time,  ac- 
cording to  TasBO,  and  it  is  degrading  to  our  nature  to  repeat  it,  because 

ne  thieves  of  Mudena  stoU  a  bucket  belonging  to  a  public  well  of  Bo- 
■  !     This  fatal  bucket  is  >tiil  preserved  in  the  cathedral  of  Modena — 
I  meitiorial  of  a  sangninar)  war,  and  of  the  evils  attending  the  most  hor- 
"ble  of  all  human  delusions,  inibtary  glory. 

"  In  ih«  year  1005,  some  soldiers  of  the  commonwealth  of  Modenn  ran 
sway  with  a  bucket  from  a  public  well,  belonging  to  the  State  of  Bologna. 
This  implement  might  be  worth  a  shilling;  but  it  produced  a  bloody 
quarrel  which  was  worked  up  into  a  bloody  war.  Henry,  tlie  king  of 
Sardinia,  for  the  Emperor,  Henry  the  second,  assisted  the  Mwlenese  to 
keep  possession  of  the  bucket ;  and  in  one  of  the  battles  he  was  made 
prisoner.  His  father,  the  Emperor,  offered  a  chain  of  gold  that  would 
encircle  Bologna,  which  is  seven  miles  in  compass,  for  his  son's  ransom, 
but  in  vain.  After  twenty-two  years'  imprisonment,  and  his  father  lieing 
dead,  he  pined  away  and  died.  His  monument  is  still  extant  in  the 
church  of  the  Dominicans.  This  fiital  bucket  is  still  exhibited  in  the 
tower  of  the  cathedral  of  Modena,  enclosed  in  an  iron  cage." 

Matekials  of  BffKET8.-=-Neptune  and  Andromnrhe  watered  horses 
with  metallic  ones.  Both  Greeks  and  Romans  had  them  of  wood,  metal, 
and  leather.  Sometimes  wooden  imes  were  hooped  with  brass.  One  of 
these  was  found  in  a  Roman  barrow  in  England.  The  ancient  British 
hid  them  without  hoops  and  cut  out  of  solid  timber.  The  Anglo  Saxons 
made  them  of  staves  ns  at  pre>ent.  Those  of  the  old  Egyptians  were 
of  metiil,  wood,  skins,  or  leather,  and  probably  of  earthenware,  See 
figures  in  I  llh  and  13th  chapters.  We  have  given  6gnres  of  some  metal- 
lic ones  discovered  in  Pompeii,  in  Book  II.  The  bucket  of  Bulogna  is 
formed  of  staves  and  bound  with  iron  hoops.* 

Thn  Old  error  that  '  water  has  no  weight  in  water,'  arose  from  not  per- 
ceiving the  weight  of  a  bucket,  until  it  was  raised  out  of  the  liquid  in  which 
it  was  plunged. 

Although  poetry  is  foreign  to  the  design  of  this  work,  and  cold  water 
u  Hot  remarkably  inspiring,  nor  a  bucket  a  very  poetical  object,  yet  the 
following  beautiful  lines  of  S.  Woodwoi  th,  on  '  The  bucket,'  are  as  re- 
frv^iiing  in  the  midst  of  a  dry  discussion  as  a  draught  of  the  sparkling 
liquid  to  a  weary  traveller  of  the  desert.** 

That  mon-covered  vessel  I  hnil  bb  a  treasure  ; 

For  often  at  noon,  when  rt'tiimeil  from  the  field, 
1  found  it  the  source  of  an  pxiiuisite  pleasure, 

Tbe  parest  and  sweetest  that  unt  aiv  um  yield. 

How  ardent  I  seized  it,  with  hands  that  were  glowing, 
And  qiiicli  to  the  wliit<"-p(!li|jloii  liotlom  it  fell  : 

Then  so.in.  with  the  emblem  of  truth  overflowing. 
And  dripping  with  coolnem,  it  rose  from  the  well. 

How  sweet  from  the  green  mossy  t)rim  to  receive  it, 

As  jioiicd  on  tlie  curb  it  inclineit  to  my  lips  ! 
Not  a  full  blasliing  goblet  couM  tempt  me  to  leave  it. 

Though  filled  with  Uic  nectar  thnt  Jupiter  sip*. 


•  Miason'a  Travels,  ill.  327.  and  Kcysler's  Travels,  ill.  138. 

*  They  have  been  erroneoosly  attributed  to  the  British  Poet  Wordsworth. 
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CIIAPTEU    X. 

Tho  Wlodliiin !  I'»nrl(r1nanlinnwn— KmployKi  In  nililnitvittcr  from  •r»ll»,  iid<1  orp  from  niino  - 
Chliie»r«ln<ltftM — OtberlnTrnllnnBofibHi  t>«nplp^iiii  Uihir  fork*,  winnow IngmachtDMi,  lio.  kf-  Fa> 
•r«:  lu  appllcfldon  to  raise  wut«r  from  well*  I'slnrcntor  not  known,  Whc«-I  and  iilnUm— Aniiclo- 
8«x<>iicr«Dr — Drum  itUcbPil  t<^ (he  wln'llaM roller, nniJ  tnrnod  by  n  rope:  U»c»J  in  nirmah.Kn)clNij(). 
Ac.  Tr<-«d  whefl«:  I'fd  by  ihe  Anolenia— MotikI  by  m"n  mml  rnrioon  iiolmalt — J«rkit — lluritnnial 
tia«d  wheel*— Cominon  wheel  or  captUn.  ObMrTsUooton  Ihe  InuodaetloQ  of  bible  fi»)u  iota  Earopa. 

THE    \TINI>LA88. 

Altmodoh  it  may  never  he  known  l<i  whnm  the  world  is  indebted  for 
the  windluis,  there  are  circumstances  which  point  to  the  construction  of 
wells  and  raising  of  water  from  fhem,  as  among  the  first  uses  to  which  it, 
M8  well  as  ihe  piiliey,  was  applied.  The  windlass  possesses  an  important 
advantage  over  the  iin^lf  pulley  in  lifting  weight*,  or  overcoming  anv 
resistance ;  since  the  intensity  of  liie  force  transmitted  through  it  can 
be  modififd,  either  by  varying  the  length  of  the  crank,  or  the  circum- 
ference of  the  roller  on  which  the  n)pe  is  coiled.  Sometimes  a  single 
vessel  and  rope,  but  more  frequently  two,  ore  employed,  as  in  the  figure. 
No.  18. 
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Ifo.  18.    WlodlMi.    Frum  Klrr.licr  i  .Mumlin  Sublerranrut. 

The  buckets  are  suspended  from  opposite  sides  of  the  roller,  the  rope 
winding  round  it  in  different  directions,  so  that,  as  one  ascends,  the  other 
descends.  Pliny,  in  his  Niitural  History,  xix,4,  mentions  this  machine  as 
used  by  the  Romans  for  riiisiiig  vvBter ;  and  in  the  3filh  book,  cap.  x», 
when  speaking  of  a  ramal  for  draining  the  niar5.h  Fucinux,  part  of  which 
passed  through  a  mountain,  he  .says  the  water  which  flowed  in  upon  the 
workmen  was  raised  up  "with  device  of  enaines  and  friixilei."  As  there 
was  not  any  appiirnliis  attached  to  the  piililic  wclf*  in  Greek  and  Rumiiti 
citie.s,  or  if  so,  to  a  Tcry  limited  extent,  it  is  probable  the  windlass  was 
chiefly  used  in  the  country,  where  its  applicntinn  to  deep  wells  was  per- 
haps as  common  as  it  is  in  other  parts  of  the  world  at.  the  present  time. 

It  has  always  been  used  in  raising  ore  and  water  from  mines.  Agricoja 
has  given  several  figures  of  it  as  employed  in  those  of  Hungary,  wh«re 


Chap.  10.] 


Chitute  Winalait. 


it  has  probablj  been  in  uninterrupted  use  since  the  Anmnn  era.*    Stime- 

lime*  it  was  placed  on  one  side  of  tlie  well,  and  at  ft  short  di&t.incc  from 

It,  the  topes  passing  through  pulleys  that  wi-re  suspended  over  its  mouth. 

By  this  arrangenrient  water  may  be  raised  to  any  requited  height  above 

the  windlass ;  an  advantage  in  some  eases  very  desinitile.     Belidor  has 

given  a  similar  figure,  and  observes  that  such  machines  were  extensivtly 

raised   in   the   Low  Countries.''     Si.imetiraes  n  series  ol   pulleys  were  eom- 

Ibined  with  it.      In  an  old  «ork,  we  have  seen  Ihe  windlas<i  attached  to  a 

[large  tuli  in  wliich  water  or  coal  was  raised,  so  that  one  or  more  [ierson« 

jniight  ii>ccn(l  and  descend,  without  the  Rid  of  others  on  the  surface  of  the 

Iground  ;  the  rope-*  liciiii;   passed  throufih  a  block  above  the  mouth  of  the 

FpiU*     It  is  very  probable  ihal  these  apilications  of  it  were  known  to  the 

Greeks  and   liiimans,     SwiUer,  in  his  '  llvdroftatics,' ^ays,  the  ancients 

used  the  wuidln>s  for  raising  water,  and  tlial  all  their  machines  of  a  similar 

ouuslructiou  were  cla$»ed  under  the  general  name  of  £uiiiomia, 

Th«TB  is  a  voiv  (ie.t;liar  and  exceedingly  ingenious  modific^ition  of 
the  windla.ss,  which  may  here  be  noticed,  and  fur  which  we  are  indebted 
U>  the  Chinese.  It  furnishes  the  means  of  increasing  mechanical  energy 
to  almost  any  extent,  and  as  it  is  used  l>y  them  to  ntise  water  from  soiiiif 
of  those  pnxiigiously  deep  wells  already  noticed,  (p.  30,)  a  figure  of  it, 
(No.  19,)  is  'iiscrtod.  The  roller  consists  of  two  pari^  of  unequal  di- 
ameters, U>  the  exlre,iiiities  of  which,  the  ends  of  the  ropn  are  fastened  on 
opp<i>!te  6i<lcs,  so  as  to  wind  round  both  parts  in  dilferent  directions.  As 
.  tiic  load  to  be  raised  is  suspended  to  a  pulley,  (See  tig.)  every  turn  of  the 
rolli>r  raises  a  portion  of  the  n)pe  equal  to  the  circumference  of  ilii.<  thicker 
part,  bul  .t",  the  same  lihie  lets  down  a  portion  equal  to  that  of  the  smaller; 
c<mseqiienii/  the  weight  is  r.iised  at  each  turn,  through  a  space  etpial  only 
to  half  the  «l'trcrenec  between  the  circumferences  of  the  two  parts  of  tlui 
I  roller,  'ihe  .iction  of  this  ni.-ichine  is  therefore  slow,  but  the  iceohanica) 
advantages  are  proporlionably  great."* 
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No.  SO.    FiMM  Wtndlan, 


'ITiis  is  the  neatest  and  most  simple  modification  of  the  wheel  and  a.vle, 
that  human  ingenuity  has  deviled,  and  is  a  proof  liiat  the  princi|ile8  of 
mechanical  science  were  well  uudorsUjod  in  remote  ages  ;  for  every  me- 


K)e  Re  M<>tali;oa.  BnsH.  10!17.  p.  118,  119.  160. 

"A-  '■• '■■"'  Hvdraulique.  torn.  2,  p.  383. 

•  I'.  lift  des  Instnmii'no  Mntlii-m.iliques  ct  Mi!cb«j!qm:i. 

I  -  ,"  b^  .'.  r.  Davij,  viiL  ii,  286. 


A  J.y.u  187* 


70 


"He  Fvitt. 


0.,.k  1. 


iihanician,  wu  l.liinkwill  ailniil.  lii.it  ineoh.iuioal  tact  and  iligeimilv,  uoaiJeJ 
by  scinrililic  knowledge,  could  Ufvor  liiivu  deviiiLMi  it.  It  cxhibils  a  species 
of  originality  so  unique,  so  simple  iind  efiiuieut,  that  cviduntly  shows  it  to 
have  bei^u  liie  concop' Ion  of  do  common  mind.  At  what  time  it  was  first 
tAken  to  Pill!  I  J"-,  we  have  no»t  xhi  r.\eans  of  uscerluiuiug.  It  has  but  re- 
cently, i.  e.  <'.mp»ratively  ro,  i-em  described  in  books.  We  are  not 
aware  of  its  liavini:  v»^-.  noticed  ii;  wiy,  previous  to  the  last  half  century. 
It  appears  to  have  been  intiojaccd  \\kt  leveral  other  standard  m»cjiiii<.-s 
froni  the  same  smuve,  sf)  giaduall),  t!i.si  the  precise  period  of  ito  first  ar- 
rival cannot  easily  be  determiiied.  <^insidering  the  long  period,  during 
which  Eurofiean  nations  liave  niaintniii-'d  an  intercourse  with  the  Chinestf, 
the  recent  introibictioii  of  this  niacliiuu  may  appear  singular;  but  very 
liltlc  is  yet  known  of  th:it  people,  although  an  intimate  acquaintance  witL 
lliuir  arts,  would  |irobubly  enrich  us  with  treasures  more  valuable  thau 
ihoii-  teas  and  their  porcelain. 

There  is  a  large  d>'l)t  of  gratitude  due  to  the  Qiinesc,  ,vhich  has  never 
bcMi  sufficiently  acknowledged.  It  is  to  them,  we  ai.,  nidebled  for  some 
of  I  he  most  imjiurtant  discoveries  connecte<3  with  the  proseut  state  of  the 
orUs  and  sciences.  From  them  was  derived  the  chief  of  w.i  arts,  puintinc, 
end  even  niuvuble  types,  and  that  invaluable  actjuisition,  the  niarhier's 
compass;  peculiar  stoves,"  chain-bridges,  spectacles,  <iil'.  or  forks, I*  liid»> 
uik,'-  chain-pump,  winnowing  machine,'*  besides  many  othi.rs;  and  to  cor- 
rect a  populai  error,  which  attributes  to  our  fellow  citizens  of  Connec- 
ticut, the  invention  of  'wooden  hams,' it  rnay  as  well  be  remarked,  that 
these  are  also  of  Chinese  origin.  Le  Coiute,  8»>s  they  are  st>  adroitly 
constructed,  that  numerous  buyers  a/c  conM.'uuly  deceived:  tj,d  fre- 
qnently  it  is  not  ti  II  one  is  boiled  and  ready  to  be  ejiteu,  that  it  is  disc<jvered 
to  l»e  ■' nothing  but  a  largi;  ])iece  of  wood  under  a  hog's -Itin."  But  if 
Cliina  has  produced  specimens  of  dishonest  ingenuity,  she  has,  in  the 
treud-ntill,  furnished  one  of  the  greatest  terrors  to  evil  doers. 

A  largo  F'uxee  is  sometimes  used  in  place  of  the  cylindrical  roller  of  a 
windlass,  especially  in  wells  of  great  depth.  When  a  bucket  is  at  the  bot- 
tom, and  the  wei;;ht  of  a  long  rope  or  chain  has  t<.'  be  overcome  in  ad- 
dition to  that  of  the  water,  it  is  accomplished  more  rusil.y  by  winding  up 

•  "Tlicw  nlovei  «ri>  extremely  cunveiiienl,  mid  ilc.«crv«  to  l>e  nia'lu  kiinwii  unircrNllly 
in  <iu.-  omiilrv.  Some  nf  our  coiiipiuiy  t<»ik  uucIj  i<t'>ve»  witb  tiiciii  lo  Uottonburg,  at 
iiolclii  fur  lixxe  wbu  might  want  t<>  kuuw  tlieir  cuuiitnicliun."  Obeck's  Voyage  ta 
Chinn.  vol.  i,  322. 

''  "Tlie  u«!  of  silver  fork's  with  iw,  by  some  of  our  sprue?  iralliiiits  t.ikcn  up  of  lute, 
cami:  from  China  to  luily.  anj  from  tbenco  to  Englnud."  Heyliu's  Cowiioijnipliv.  Loa 
1670.  p.  86,^. 

•  The  «'cret  of  innking  it,  wi  brouglit  by  a  Dutch  supercargo  to  Ootlingen  in  1766. 
Mi<I  tbtrc  iliviiljjcil.     l<on.  Mii;:.  for  ITDfi.  p.  •t'iS. 

'  Thi^  W.T.1  nl*i  broiii^ht  fci-t  \'i  Holliiii>i  lu  tlf  bi'irinnlni;  of  llic  18tJi  coiilury.  ^^!l<-I1^e 
it  Boon  BiTcail  over  Eiiro)«.  It  was  oirrii-d  lu  Srotlainl  In  ITlo.  Wolti-r  Sou;  l.is 
inoorponiicd  in  one  of  hi*  novels,  nn  bistaiic  ,1  fjn't  relaiinjf  to  the  onpuivlitioii  of  !iM 
Ofiiintrymcii  .•> -.|x"cl ing  it.  When  first  iiitro  lueed.  the  reli};i"ti-i  feelini;'!  o(  -"inv.  were 
({r<i»tly  pliockcj  at  an  invention,  by  which  niiificial  whirlwinili  were  |ir<Khued  m  culm 
wcftllier.  w)ii.n.  «s  tliev  "ujipwed,  it  wnn  the  "vill  of  (!'l  fiir  Ih  iiir  to  reniniii  «lilL  As 
they  ciins'ideri'd  it  n  irioml  duty  to  vrnit  patiently  [><■  a  nntural  wind,  lo  ^<'pa^nte  tha 
.>i-.ir  (roiu  llieir  wheal,  they  looked  ii|icu  tlie  iis-c  lif  thi.i  uiueliine,  iis  reln-llion  njniinst 
l».iTen,  and  na  attenitit  to  tak'  !i  :;ovLrtninnl  of  the  world  t'ut  of  the  Creators 
Oiindu!  OnnsUvii  reftil»i-s  of  tlio  Uil  ie,  the  nifite  super^tilinria  of  the  Covenanters  imn- 
(rincd  it  wiw  o  cunning  di'vioe  nf  :1m  VViJ.-.>J  One.  tlie  '  Piince  of  the  p<iwer  of  the 
Air,'  and  tlicrefure  '»e  of  those  work*  which  ChriHtiiuw  are  called  to  ijuard  i«;iun»t  ai"i 
rcnoiuiw  I  It  W!t.«  inlnnluced  into  Amerim  in  17111.  us  i\  "  Dmvh  machine  for  wimiow- 
ing  grain."  The  lir^t  on-*,  wa»  made  in  Masaaclm*cit«.  "  by  the  iliri!i-lioiis  of  a  Rentle- 
man  in  I'r.  .l«rs!-."i,''  d'lriig  the  same  year.  Ixm.  Mag.  for  17(il.  p.  'il3.  Oavin'  Chi 
DeHC,  voL  II.  ^cl. 
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«  rope  on  thi?  small  ctid  uf  the  fusee;  and  as  (he  length  diminishos,  it 
'il»  ruund  the  lurger  pari.  (See  No.  20,  which  is  however  innecumlely 
rawn — *s  the  liucket  is  at  the  top  of  the  well,  it  should  have  hei-n  repre 
8s  suspended  from  the  large  end  of  the  fusee.)  The  value  of  a  de- 
ike  this  will  be  appreciated  when  the  great  depth  of  some  well« 
mnstideied,  and  the  consequent  additional  weight  of  the  chains.  In 
fiirtrvss  of  Dresden  is  a  well,  eighteen  hundred  feet  deep  ;  at  Span- 
grnburgh  one  of  si.xty  toises;  at  Honiherg.  one  of  eighty ;  at  Aiigust- 
birrgh  is  a  well  at  which  half  an  hour  is  required  to  raise  the  bucket; 
»i.d  at  Nuremhurgh  another,  sixteen  hundred  feet  deep.  In  all  these,  tlie 
water  is  raii^ed  by  chains,  and  the  weight  of  the  last  one  is  stated  to  be 
upwards  of  a  ton  :   Misson,  (vol.  i,  1  Ifi,)  sa3's  three  thousand  pounds. 

It  is  to  be  regretted  that  the  name  of  the  inventor  of  the  fusee,  and  the 
late  of  its  origin,  are  alike  unknown.  It  forms  an  essential  part  in  the  ine- 
bnnum  of  ordinary  watches;  fur  without  it  they  would  not  be  correct 
easurers  of  tirac.  Every  person  knows  that  the  moving  power  in  a 
k  is  a  weight,  and  that  the  various  movements  are  regulated  by  a 
ndulum  ;  but  neither  weights  nor  pendulums  are  suited  to  portnble 
,  or  w."»tche3;  hence  a  spiral  spring  is  adopted  as  the  first  mover  in 
he  latt«r.  and  when  coiled  up,  as  it  is  by  the  act  of  '  winding  up'  a  watch, 
he  force  which  it  exerts,  imparts  motion  to  the  train  of  wheels;  but  as 
.his  force  gradually  diminishes  as  the  spring  unwinds,  the  velocity  of  the 
TAin  would  diminish  also,  if  s<ime  mode  of  equalizing  the  effect  of  this 
arying  force  was  not  adopted  :  It  is  the  fusee  which  does  this,  by 
ceiving  the  energy  of  the  spring  when  at  its  maximum,  on  its  smalkr 
and  as  this  energy  diminishes,  it  acts  on  the  larger  part.s,  as  on  the 
d*  of  lever«,  which  lengthen  iu  the  same  ratio  ns  the  force  thpt  moves 
is  diiuiiiished. 
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In  another  modification  of  the  windlass,  a  cog-toheel  is  fixed  to  one  end 
Df  the.  roller,  and  moved  by  a  pinion  that  is  secured  on  a  separate  shaft,  and 
urned  by  a  crank,  as  iu  the  figure.  By  proportioning  the  diameter  of  the 
rheel  and  that  of  the  pinion,  (or  the  number  of  teeth  on  each)  acccrding 

the  power  eiuployed ;  u  bucket  and  its  contents  may  be  raised  frotD 


72 


Anglj  Sxjon  Crone. 


[Book  I 


\r<^ 


any  depth,  wnoe  a  diminution  in  the  velocity  of  the  wheel  from  a  smaller 
pinion,  ii  accompanied  with  au  increase  of  the  energy  tran&aiitted  to  the 
roller  and  vice  vrrta. 

The  Greeks  and  Romans  employed  the  wheel  and  pinion  in  several  of 
their  war  engines,  and  in  various  other  machinery.  Part  of  a  cog-wheel 
was  discovered  in  Pomjjeii.  Tliey  probably  were  abo  employed,  as  in 
No.  21,  to  raise  water  from  deep  wells,  a  purpose  for  which  they  have 
been  long  used  in  Eurof*.  See  Belidor,  tom.  ii.  liv.  4.  From  some  e«- 
periment;i  made  by  Mr.  Robertson  Buchanan,  it  was  ascertained  that  the 
laiMir  of  a  man  in  working  a  jmrnp.  tuniing  a  winch,  ringing  a  bell,  and 
rowinj;  a  boat,  might  be  represented  respectively  by  the  numbers,  100, 
167,  227,  and  248;  hence  it  appejirs  that  the  effect  of  a  man's  lab<ir  in 
turning  a  windlass  is  fifty  per  cent,  tnore  than  in  working  a  pump  in  the 
ordinary  way  by  a  lever. 

As  a  man  cannot,  wiih  effect,  apply  his 
stnngth  conveniently  to  a  crank  that  de- 
scribes a  circle  exceeding  three  or  four  feet 
in  diameter,  another  ancient  contrivance 
enabled  him  to  transmit  it  through  a  series  nf 
revolving  levers,  inserted  into  one  or  both 
ends  of  the  roller;  and  which  extended  to  a 
greater  distance  from  the  centre  than  the 
crank,  as  in  the  copper  plate  printing  press, 
the  steering  wheel  of  ships  and  steam  ves- 
sels, and  numerous  other  apparatus  employed 
.  in  the  arts.  It  was  fornnrly  used  to  rai«e 
water  in  backets  from  n)ines  and  wells, 
Vu.tL  Aaglo  Saxc'i  crsiM.  nnd  even  to  Work  puinps :  (cams  being  se- 
cured t4>  the  roller,  raised  the  piston  rods  in  a 
manner  similar  lo  the  common  stamping  mills.)  Agricola  has  figured  it 
as  applied  to  both  purposes.  De  Re  Metallica,  118,  129,  141.  No.  22 
is  an  example  of  its  application  by  the  Anglo  Saxons,  from  Stnitt's  An- 
tiquities. 


'  There  cannot  be  a  more  expeditious  way  to  raise  water  from  a  deep 
well,  tlian  to  make  a  large  wheel,  [drum]  nt  the  end  of  the  mnlact 
thai  may  he  two  or  three  times  tht^  diameter  of  the  winlace,  on 
which  u  smiiUer  and  longer  rope  may  be  wound,  than  that  which  raises 
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the  bucket,  FO  thr.l  when  tho  bucket  i«  id  'ho  well,  the  same  rope  in  alJ 
wound  on  the  gr<!;>tei-  wheol,  [diiiin]  tlio  end  « hereof  ni.iy  \w.  takiii  on 
the  >ihi>u'..li-r,  a-id  tli.;  juuu  iiiav  walk  or  run  forwards,  till  the  bucket  be 
drawu  up.  Tliu  bucket  may  huve  a  round  lu.l.'  in  the  midst  of  thci  bot- 
U>m  wiih  a  cover  fittwl  to  it,  like  the  sui  ker  of  n  pump,  thut  when  tho 
'i  "  I  '  ■  H  the  water,  tin?  whole  may  open  nud  the  bucket  fill."  Dio- 
i;  : -icum,  Li>n.  1T04.  .See  No.  23. 
Thi-.  is  v)iie  of  the  iiivkles  of  nii-iiijj  heavy  weights,  de-crilicj  by  Vitru. 
vius,  in  Book  X  of  his  Architfctiir*  and  is  ski  figured  in  some  of  the  oli 
edition^,  th.'ilof  Burburo  forcxHm['Ie.  Voiiiee  15ij7.  iLtppeiirsi  to  h:ive  been 
ud'ipt4.-<l  t«.'  r^iise  water  from  the  deep  wells  of  A-i.'i  in  ancient  timer-,  and 
i>  still  o-nlimiei]  in  u«e  there.  In  Sym's  Kinbussv  to  Avji,  there  is  a  notic/! 
of  the  retioleuiii  NVells,  the  oil  fn.ini  which  is  univcrsjilly  employed 
thr>M;;;hout  the  Birman  cmpip?.  One  which  he  examined  w.is  four  feet 
■quarc,  »nd  thirty.seve»  tinhorns,  [222  S-ot]  deep.  The  water  and  oil 
"were  drawn  up  in  an  iron  pot,  <iisleueu  to  a  rope  piisited  over  a  wooden 
rvliriijcr,  wtiieh  revolves  on  an  axis  supported  by  two  upriirht  posl-s. 
Wli. :n  the  pot  is  filled,  two  men  lake  the  rope  by  the  ond,  and  run  down 
:i  .if.livity.  which  is  cut  in  tho  (;round  to  a  distance  equivalent  to  the  depth 
of  tho  well;  thus  when  they  reach  tho  end  of  i.lieir  track,  the  pot  U 
rai><cid  to  iln  proper  elevation.""  The  contents,  w;iti>r  and  oil,  are  then  dis- 
chargixi  into  r  cistern,  and  the  water  is  allerwards  drawn  otf  ihrou^h  a 
bole  in  the  bottoui.  A  ralehi.-t  wheel  and  click  to  dotjiin  the  bucket  when 
eltfvatotJ,  would  enable  a  single  person  to  work  this  machine,  or  the 
uckct  tiiijihi  bo  suspei)de<l  to  its  buil  by  swivels,  and  overturned  at  the 
by  a  catch,  as  iu  No,  16. 


No.  M,    TroMl  WhaeL 

(r  rni->de  of  commanicaiing  niolion  to  the  roller,  is  by  nieanB  oft 
^tad  w/iftl,  attached  like  the  drum  in  figure  2.3,  to  one  end  of  it.  In 
lii*,  n  man  or  an  animal  walks  or  rather  climbs  up  one  side,  somewhat 
\e  a  »<)uirrel  in  its  CJi|;e,  and  by  his  weight  turns  the  wheel,  and  raised 
be  water,  a*  represj-nted  in  No.  24. 
This  appears  to  have  been  a  common  mode  of  applying  human  eflbrt 
nrmg  the  ancients.     Some  of  their  cranes  for  raising  columns  and  other 

Emiianr  t<->  Avn.  ton.  18<K).  voj  i!i,  238.     See  also  an  acconut  of  those  welU  and 
I  of  lals'mg  tlivir  coutente,  in  vol.  ix.  of  Tillocb's  Phil.  Mug.  p.  ~fi. 
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hoAvy  weij:ht<i,  wpre  movod  ny  trcjid  whw.ls,  (Vitruviiis,  «,  4.)  A  figure 
of  one  is  preserved  in  a  ba^-r*  li>'f,  in  tlie  wall  «f  Lho  .nnrkut  pliice  at  Ca- 
pua.* Like  other  ancient  'lo vices  lor  raising  wator  il  !iM  been  enntinued 
in  use  in  Europe  since  lltiriian  times,  and  is  described  by  iii.>st  of  the  old 
writers  on  hydraulics.  Agricohi  figures  it  as  ui^ed  in  the  niiiics  of  Gei 
many.  "To  raise  water  from  a  deepe  well,"  says  an  old  English  writer 
"some  use  a  large  wheule  for  man  <>r  beast  to  walk  in."  At  A'.w,  twc 
TDen  ralswl  the  water  from  a  deep  well,  by  walking  in  one  of  these  wlieols 
It  is  the  '  Keniisli  fashion,'  according  to  Fosbroke,  the  wheels  bei|j:|  pro- 
pelled both  by  men  and  asses.  The  Anijlo  Saxons  and  Normans  also  used 
them  for  drawing  water. 

Whether  the  Greeks  and  Romans  employed  onimah  in  tread  wheels, 
we  know  not,  but  th»*  practice  is  vtry  old,  and  from  the  obvious  advan- 
tage of  quadruped-"  over  biped  man  in  climbing  ascents,  it  is  probable 
that  they  were  so  cmpioyeii  by  the  ancients.  Oxen,  horses,  mules,  asses, 
dogs,  goats  and  bears,  have  all  been  iweil  to  propel  these  wheels  and  to 
raise  water  by  them.  At  ypiuigL^iburgh,  water  was  raised  from  the 
well  mentioned  m  a  previous  chapter,  by  an  aiss.  In  the  Isle  of  Wight, 
Eng,  one  was  thus  en^'aged  for  llie  extraordinary  period  of  forty  years, 
in  raising  water  from  a  well  two  hundred  feet  deep,  which  was  supposed 
to  have  been  dug  by  tlie  llomans.  Long  practice  had  Uiught  the  animal 
to  know  exactly  how  many  rcvoliilinns  were  required  ti-  raise  the 
bucket;  when  by  a  backward  inovcnii'iil  he  would  instantly  .stop  the 
wheel.  GoaLi  are  remarkable  for  scaling  prccijMces,  and  thircfore  seem 
well  adapted  for  this  kind  of  labor.  In  Eurofic,  they  are  employed  t-o 
raise  both  Nvatcr  and  ore  from  mines,  liy  tread  wheels.  In  the  Chapter 
on  the  Chain-Pianp  we  have  itisorlcd  a  cut,  inim  Agricola,  rei>reseiiting 
them  thus  engaged.  Hut  of  the  largx.'r  animals,  if  there  is  one  better 
odapti'd  thiiti  iui'iliit-r,  from  its  conformation  atui  habits,  it  is  the  Bear;  and 
it  is  lint  a  little  singular,  that  the  G'ot/ts  actually  employed  that  animal  iij 
such  «  hei'ls  to  raise  water.'' 

It  is  probable  that  the  Chinese  have  from  remote  times  employed  vh 
rion-5  aiiinialM  in  them;  this  we  infer  from  a  remark  of  one  of  their  wri 
terMj  quoted  by  Ur.  Milne.  In  exhorting  husbands  to  instruct  their 
wives,  he  eiiooui'age.a  them  in  the  arihious  task  by  reminding  them,  that 
"even  monkeys  may  be  taught  to  play  antics — Jof/s  may  be  taught  to  Iread 
in  a  mill^-ctiln  may  be  taught  to  run  round  a  cylinder,  and  parrot.s  may 
be  taught  tr  recite  verses;"  and  hence  he  concludes  it  possible  to  teach 
women  S'.i.icliiir.j!*  Many  ancient  customs  relating  to  the  taming  and 
using  of  /iTiiniais  are  still  praetieed  in  China.  The  old  Egyptians,  had  b»- 
»■■  ons  and  monkeys  trained  tn  gather  fruit  from  trees  and  precipices  inac- 
•  rssiblo  to  inen.'J  The  Cliinesc  employ  them  for  the  .same  purpose." 
Hm\  Antni'v,  Nero,  and  others,  in  iiuilatinn  of  more  nnciont  warriors, 
wfrt!  sometimes  diawn  in  chariots  by  lions — Chinese  charlatan:,  both  rido 
J(i^  and  are  drawn  by  them,  and  by  tigers  also.     (Nicuhoff's  Embassy.) 
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Ii*lbie  W"At' jacks  were  invented,  joints  (if  meat  while  roasting,  were 
often  turned  by  Joffs  rininiiip  in  tread-wheels.  They  were  of  a  pecu- 
liar brei,-d,  (now  nearly  extinct)  long  backed,  having  short  legs,  and  from 


I 


*  yiobmke  Antiq.  26T.  "•  d  Winklwraans  Aria  ct  the  Anriento.    Paris,  iA.  torn,  ii, 
pUn<i.e  It] 

•  Otnua  Mn^us,  quota  (I  bv  Fosbroke.  EncTC.  Anliq.  It.        •  Downing'*  Strauj,'er  ia 
riiiua,  vol  u,  172.  *  WiUausoo,  vol  ii,  160.  •   I^ri<'.'n%  Cliii-.i. 
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iheir  occupation,  were  named  turmpiU,     The  mode  of  tem'liing  thcin 

was  more  summary  than  huriiiuie.     The  animal  was  put  into  a  wheel,  the 

Imidrs  of  which  were  closed,  and  a  burning  coal  thrown  in  behind  him; 

iBenL-c  he  could  not  stop  cUinbiog  without  hiiviiijj;  his  lo{;s  burned.     As 

Imighl  be  supposed,  thev  wero  by  no  means  allached  to  ihtir  profession  ; 

of  which  the  fullowing  incident  has  been  adduced  as  a  proof:     In  a  cer- 

Iftia  city,  having,  agreeably  to  custom,  attended  their  owners  to  church, 

the  lesson  for  the  day  hnpjiened  U>  bo  that  chapter  cf  Ezckiel  wherein 

the  sclfiuoving   chiiriots  are  described.      When  the  minister  lirst  pro- 

tvouocfd  the  word  'urlteel,'  tliey  all  pricked  up  their  ears  in  niarni — at  the 

si?c<ind  tnentlon  of  it,  they  set  up  a  doleful   howl  ;  and  when  the  awful 

word  wa«  uttered  a  third  Itme,  every  one  it  is  said,  made  the  best  of  his 

WBv  out  of  the  church. 

But  the  most  singular  animal  formely  used  in  thus  turning  the  spit, 

a  Ifird,  and  of  a  species  i>M>  which  furnished  more  victims  for  the 

Itoa&t  than  any  other,  viz.  the  pooac  !     Moxon,  observes  that  although  dogs 

»oro  commonly  used,  "gpese  are  better,  for  they  will  bear  their  labor 

Jongcr.  so  that  if  there  be  need,  they  will  continue  their  labor  twelve 

jur*."»     A  singular  illustration  of  man's  j>ower  over  the  lower  animals, 

thus  compelling  one  to  cook  another  of  its  own  species  for  his  use. 

Tlie  old  jack,  consisthig  nf  three  toothed  wheels  and  a  weight,  was 

m-ed  as  early  as  1444.     The  smoke  jack  was  known  in  the  following  ccn. 

tury,  if  not  before,  for  it  was  described  by  Cardan,  and  afterwards  (in 

1571)  by  Bartolomco  Scappi,  cook  to  Pope  Pius  V.  in  a  book  on  culinary 

<•  In  1001,  a  'jai'k  maker'  was  a  regular  trade  in  Europe,  and 

I  .ity  of  the  manufacturers  was  then  often  displayed  in  decorating 

lliciii  with  moving  [luppets,  as  Wi  some  .-incipnt  clocks,  and  in  the  organs, 

Aec  of  street  musicians.     Bishop  Wilkins,  (Mathematical  Magic,  B.  ii, 

lip.3)  speaks  of  "jacks  no  bigger  than  a  walnut  to  turn  any  joint  of  meat." 

The   name  of  these   machines,  and  a  certjiin   vulgar  phrase,  not  yet 

[quite  obsolete,  are  all  that  is  left^  to  recti  to  mind,  a  class  of  domestics, 

rhose  occupation,  like  '.Hhello'u,  is  gone.     Thesi'  were  men  whoso  duty 

it  was  to  turn  the  spit,  and  who  answered  to  the  familiar  cognomen  of 

•jack,'  formi'rly  a  a>mir.on  name  for  a  inan-servant,  and  now  applied  to 

I'deVignate  niunerous  instruments  that  supply  his  plac«.     Seated  at  one 

■  »ide  of  a  bilge  fire,  his  duty  was  to  turn  the  roast  by  a  crank  attached  to 

Kne  end  of  the  spit.     See  a  figure  of  a  French  loiirnr-l/roc/ic  in  the  exer- 

dse  of  his  vocation,  in  '  Hone's  Every  D.iy  Flouk.'  vol.  ii,  1057.     The  office 

was  far  from  being  a  sinecure,  since  no  slight  labor  was  required  to  jnove 

the  large  joints  of  olden  times,  the  whole  of  a  sheep  or  ati  ox  being  fre- 

quently  roasted  at  once  ;  hence  in  some  kitchens  built  in  the  l.'Jth  century, 

it  was  particularly  directed,  that  each  should  be  provided  with  furnaces 

•ufficiently  large  to  roast  two  or  even  three  oxen.     It  was  from  the  cus- 

tr)ni  of  these  artists,  of  surreptitiously  helping  themselves  to  small  pieces 

of  the  roast,  while  in  the  performance  of  thfir  duty,  the  unclassical  ex- 

I  prcssion  '  licking  the  fnigere,'  came,  and  verifying  a  Turkish  proverb,  'he 

[that  watches  the  kettle  i»  sure  to  have  some  of  the  soup.'     The  phrase, 

Lbowever,  was  not  then  so  obnoxious  to  good  taste,  nor  the  act  to  good 

(jiiiuinerss  as  now ;  tor  table-forks  were  generally  unknown,  and  moderate 

joints  were  handed  round  on  the  spit,  so  that  every  one  at  table 

»led  by  a  knife  a  slice  U)  his  tivste,  and  conveyed  it  by  his  finger* 


•  Hectuuiick  Powers,  Coa  1696.  p.  72. 
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to  hig  piftte,  and  thence  to  his  mouth.     Hence  the  advice  of  Ovid,  (or 
neither  Greeks  nor  Romans  used  table-rorl<s : 

"  Your  meat  gyntotlW  wiUi  your  fiogerA  roinc ; 

And — an  m  cahni;  thi-re's  n  ccrlMii  i;race. 

Beware,  wiiU  (freasy  ItmiJ'S  loat  you  bc«incar  your  fact" 

A  German  writer  in  the  midJlc  of  the  ICth  century,  in  siip-.'esting  tJie 
■whirling  Eolipilo  as  a  turnspit,  remarks  "  it  I'ats  notliing,  and  j^ives  withal 
nn  assurance  to  tiiose  pnrtakiiifi  of  the  fi'ast,  whose  suspicious  natures 
nurse  ()ueasy  appetites,  thut  the  haunch  has  n(it  Ijoen  pawed  liy  the  turn- 
spit, in  the  absence  of  the  housewife's  eyes,  fiir  the  pleasure  of  licking 
his  unclean  fingers."  This  evil  propensity  of  human  turnspits,  however, 
eventually  led  to  their  dismissal,  and  to  tiie  cmploynienl  of  another  spe- 
cies, wliii:h,  if  not  better  dis|x>sed  to  resist  the  same  temptations,  had 
less  opportunities  afPorded  of  falling  into  them.  The*e  were  the  canine 
laborers  already  noticed. 


No.  9$.    Horlionlal  Tread-Wbcel,  tn>m  AgiicoU. 

Horizontal  tread- wheels  for  raising  water  are  described  by  Agn'cola, 
fi-om  whose  work,  De  lie  MetoUko,  we  have  copied  the  fijiure.  Two 
men  on  opposite  sides  of  a  h<prizunlal  bar,  against  which  thoy  lean, 
pUJih  with  their  feet  the  bars  nf  the  wheel  ou  which  they  tread,  behind 
ihein.  Similar  wheels,  inclined  to  the  horizon  were  also  used.  For  an- 
other kttid  of  trcttd-wheel,  see  chapters  14,  and  17.  On  the  Noria  and 
Chaiii-j'iimp. 

In  all  the  |)receding  machines  the  roller  is  used  in  a  horizontal  position  •, 
but  at  some  unknown  perind  of  past  ages,  another  moiiiRcalion  was  de- 
vised, one,  by  whieh  the  |H>«er  could  be  applied  at  uny  distance  from 
the  centre.  Instead  of  jiiacing  the  roller  as  before,  over  the  well's  mouth, 
it  was  removed  a  short  ilistnnee  from  it,  and  secured  in  a  vertical  position, 
by  which  it  was  converted  into  the  wheel  or  capst.an.  One  or  more  hori- 
zi'Utjil  burs  wcie  attached  to  it,  of  a  length  adapted  to  the  [xiwer  eni- 
])!oyed,  whether  of  tiien  or  animals;  and  an  alternating  rotary  movement 
imparted  to  it,  as  in  the  common  wheel  or  capstan,  represented  in  the  next 
figure.  No.  20.  It  appears  fiom  Belidor,  (Tom.  ii,  3;'3)  that  maehines  of  this 
kind,  and  worked  by  men  were  common  iu  Europe  pruvi*>us  to,  and  al  tbe 
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tinie  he  wrote.  Sometimes  the  shaft  vas  placed  in  the  edge  iif  iha  well, 
«o  tttat  the  person  that  moved  it  walked  round  the  latter,  ai.rt  thus  occu- 
pied less  space. 
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Circutnstanws,  highly  illustrative  of  European  manners  during  tho 
early  part  uf  tho  17lh  and  precediiis;  centurie;.  (ire  associated  with  the  in- 
tn>duvli'>n  oi  tahl/^forks.  They  were  partially  linnwa  in  Italy  in  the  11th 
century,  Pjr  in  a  Ivttcr  of  Peter  Damiani,  w.'io  dii;d  in  107.3,  mention  is 
made  of  a  lady  from  Constantinople,  who  was  married  Ui  the  Doge  of 
Venice,  and  who  among  other  strange  cnstonij,  required  raii-wal^r  tv 
M'osh  herself,  and  was  so  fastidious  respecting  h:r  food,  na  to  use  a  t^jrk, 
»nd  a  golden  one  Uk>,  to  take  her  mer.t,,  which  was  previously  cut  into 
small  pieces  by  her  servant.  Lon.  Quart.  Review,  vol.  .'iH.  (April,  IS.*}?.) 
They  are  mcJitiimed,  (nrohahly  as  curiotiities)  in  n  charter  of  Ferdinand 
I.  of  Spain,  1101,  and  in  tho  wardrobe  jKicounts  of  Edward  I.  of  England, 
'a  poir  of  knives  with  sheathtss  of  silver  enameled,  and  a  forko  of  chrystal,' 
are  speoifie*!.  Fosbroko,  En'-y.  Ant.  Forks  were  common  in  Italy  in 
the  15lh  coiitury,  although  nearly  unknown  to  France,  and  England  in  the 
following  one.  At  the  cliMe  of  tho  10th,  they  are  notiood  as  a  hi.xiiry  in 
France,  and  latfli/  intnxlurrd.  Henry  the  Fourth's  fork  is  still  f)reserve.1 
—it  has  two  prongs,  and  is  of  st«cl.  So  late  as  1G41,  thsy  were  not  u:,i- 
vepsal  in  Paris.  In  a  representation  of  a  qroat  feast  held  by  the  cobblers 
in  that  ye.ir.  and  attended  by  musicians,  &c. — no  forks  are  on  'he 
t»ble — the  carver  holds  what  appears  ;■<  bo  a  leg  of  mutton  with  one  h.'Mjd, 
white  with  the  other  he  cuts  a  slice  'jtT,  for  a  lady  seated  ne.xt  to  tilm. 
Hone's  Every  Day  Book,  vol.  ii,  10r).5. 

They  were  not  nsed  in  England  till  about  the  same  time,  a  period  much 
later  than  might  have  been  supposed.  In  161 1,  an  Englishman  was  ridi- 
culed fir  asing  one.  This  was  Gjryatt  the  eccentric  traveler.  "I  ob- 
servod,"  ho  says,  "a  custom  in  all  those  Italian  cities  and  towiies  through 
the  which  I  passed,  that  is  not  used  in  any  other  country  that  I  saw  in  my 
travels;  neither  do  I  think  that  any  other  nation  of  Christendome  doth  use 
if,  but  only  Italy.  The  Italian  and  most  strangers  that  are  comraarant, 
[dwelling]  in  Italy  do  alwaies  at  their  meales  use  a  little  forke,  when  they 
cut  their  mente.  Por  while  with  their  knife,  which  they  hold  in  one 
hand,  they  cut  the  meate  out  of  the  dish,  they  fasten  their  forke  which 
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they  hold  'n  the  other  hand,  upon  the  same  dish.  So  that  whatsoever  he 
be,  that  sitiing  in  the  company  of  uny  others  at  meale,  should  i{nadvisedly 
toiiih  the  dish  of  meate  with  his  fiiigor;--,  from  which  all  at  the  table  doe 
cut.  he  will  give  occasion  of  offence  unto  the  company,  as  having  trans- 
gressed the  lawes  of  good  manners ;  insomuch  that  for  his  error,  he  shall 
be  at.  least  brow-beaten,  if  not  reprehended  in  words.  This  forme  of 
feeding,  I  understand,  is  generally  used  in  &U  places  in  Italy,  their  forkes 
being  fbr  the  most  part  made  of  yron  or  Steele,  anH  some  of  silver ;  but 
these  are  used  only  by  gentlemen.  The  reason  of  this  their  buriosity  is, 
because  the  Italian  cannot  by  any  means  have  his  dish  touched  with  fin- 
y,ers,  seeing  all  men's  fingers  are  not  alike  cleane — hereupon  I  myself 
thought  good  to  imitate  the  Italian  fashion,  by  this/ori«f  cutting  of  meate, 
t.ot  only  while  I  was  in  Italy,  but  also  in  Germany,  and  oftentimes  in  Eng- 
land sin.;o  I  came  home:  being  once  quipped  tor  that  frequent  using  of 
my  fork?,  by  a  certain  learned  gentleman,  a  familar  frier.d  of  mine,  one 
Master  Laurence  Whitaker,  who  in  his  merry  humour  doubted  not  to 
0*11  me  Furcifer,  only  for  using  a  forke  at  feeding." 

In  this  extract,  we  have  a  view  of  Italian  gentlemen  '  feeding'  in  thft 
b«iginning  of  the  17th  century,  and  in  the  following  one,  we  obtain  an  in- 
sight into  British  manners  during  the  middle'of  it.  Forty  years  after  the 
publication  of  Coryatt's  Tiavels,  a  Manual  of  Cookery  appeared,  con- 
taining the  following  intitructions  to  British  ladies,  when  at  table.  "  A 
g.mlewoman  being  at  table,  abroad  or  at  home,  must  observe  to  keep  her 
oody  straighte,  and  lean  not  by  any  means  upon  her  elbowes — nor  by  ra- 
venous gesture  discover  a  voracious  appetite.  Talke  not  when  you  have 
meate  in  your  mou'hc;  and  do  not  smacke  like  a  pig — ^nor  eat  spoone- 
meat  so  hot  that  the  tears  stand  ';i  your  eyes.  It  is  very  uncourtly 
to  drinke  so  large  a  draught  that  your  breath  is  almost  gone,  and  you  are 
forced  to  bliiw  strongly  to  recover  yourselfe.  Throwing  down  your  li- 
quor as  into  a  funnel,  is  an  action  fitter  for  a  juggler  than  a  gentlewoman. 
In  carving  at  your  own  table,  distribute  the  best  pieces  first,  and  it  will 
appeare  very  decent  aiid  comely  to  wte  a  forke  ;  so  touch  no  piece  of  meat 
without  it."  This  elegant  extract  is  from  'The  Accomplished  Lady's  Rich 
Closet  of  Rarities.'  Ixjndon,  1653.  Neither  knives  nor  forks  were  used  at 
the  tables  of  the  Egyptians.  A  representation  of  a  feasting  party  is  sculp- 
tured on  a  tomb  near  the  pyramids,  a  copy  of  which  is  inserted  in  Vol.  II, 
of  Wilkinson's  interesting  work,  ('tie  gentleman  holds  a  small  joint  of 
meat  in  his  hand,  two  are  eating  fish  which  they  retain  in  their  fingers 
while  another  is  separating  the  wing  of  a  goose  with  the  same  implements. 
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MtltBiUaf  ftn  riM  to  nameron!  dcricot  for  raialni;  wulrr— Cartons  drAnltlnn  of  FUm  Hui  bn» 
%lMlr^— lrrta«U4Kahraj*  prmrtlae^  In  ttic  rftfl— r^rrat  rurtlltty  oflrAliTfMl  land— The  ooliilniclion  itf 
tllvHko  ml  e«Mi*  uf  F^'pl  txid  Clitiia,  «i)b*«'ii'ipnt  Ui  ihi>  m«o  of  bjrdrsiillc  innchliii-s — rhunumenoo 
in  *arl«it  TlMt««— Slmltnritjr  of  Uiis  earljr  hislurlix  of  Uiv  Rio  pLl""*  ii"!  Cliliicix— Mylhulo*;  buod 
ca  «(>*«<ilt'ir>  wxl  Imgiihiii:  Boili  tnriilnUnI  u  n  purl  or  ri'lluiuti— Asimlc  taiik-i^  -Wntcrtnit  luid 
•ilh  !]»■(  yvkm  Will  pttts — An  emplnvfnt-n!  of  ilw  liirui'liU'ii  In  Kjjjpl— Hin'ton  Wnicr  Bonror— Ciirimis 
flhapad  r«iMb —  ^qiinritu^  >  tht*  W&Lcr  Piritrur,'  an  ciiiblctn  of  Irrlioitlon — CouiiDctInD  of  iiBtrunnniy 
•  Hk  asrletUlim— Swlnipng  bukeU  of  ^pli  Cblna,  utd  llliKlMMn.  ArU  tnd  eiutomi  uf  tlM 
infl—l  tffpotat. 

TuK  lasi  three  cbapters  include  moat  of  the  methods  adopted  by  the  an- 
cients u>  raise  water  for  domestic  purfioses.  There  is,  however,  another 
class  uf  machines  of  equal  merit  and  importance,  which  probably  had 
their  origin  in  agriculture,  i.  e.  in  the  irripation  of  land.  Persons  who 
live  in  temperate  climates,  where  water  generally  abounds,  can  soircely 
realize  the  importnrioe  of  artificial  irrigation  to  the  people  of  Asia  and 
other  parts  of  the  earth.  It  wsis  this,  which  chiefly  contributed  to  sup- 
p<jrl  those  swarms  of  hum.in  beings,  who  anciently  dwelt  on  the  plains  of 
the  Euphrates,  the  Ganges,  the  Nile,  and  other  large  rivers.  In  Egypt 
alone,  the  existence  of  millions  of  our  spei'ies  has  in  all  times  depended 
wholly  upon  it,  and  hence  the  antiquity  of  machines  to  raise  water  among 
th;it  fK-"plo.  The  dotinition  of  oriental  agriculture  is  all  but  incompre- 
hensible to  an  uninformed  American  or  European — it  is  said  to  consist 
chiefly.  "  in  having  suitable  machines  for  raising  water,"  a  delinilion  suHi- 
I  K.-riptive  of  the  profession  of  our  (iremen,  but  few  people  would 

I  .  ■■•e  it  cxplanati.iry  of  that  of  a  farmer.     It  is  however  literally 

true.  Irrigation  is  everything — the  whole  system  of  husbandry  is  inclu- 
ded in  it;  and  no  greater  proof  of  its  value  need  bo  given,  than  the  fact 
of  machines  employed  to  raise  water  for  that  purpose  in  Egypt,  being 
taxed. 

The  agricultural  pursuits  of  man,  must  at  a  very  early  period  have  con- 
vinc-ed  him  of  the  value  of  water  in  increasing  the  ("ruitfulness  of  the  soil : 
be  Could  nut  but  observe  the  fertilizing  effijcts  of  rain,  and  the  rich  vege- 
tatioti  cou-sequeul  on  the  periodical  inundations  of  rivers;  nor  on  the  other 
hand,  could  ho  possibly  have  remained  ignorant  of  the  sterility  conse- 
qornt  on  long  cjntinued  droughts:  hence  nature  taught  man  the  art  of  ir- 
rigating land,  and  confirmed  him  in  the  practice  of  it,  by  the  benetits  it 
invariably  pniduced.  In  some  countries  the  soil  was  thus  rendered  .«o 
e.xccedingly  fruitful  as  to  exceed  credibility.  Herodotus,  when  spe.ik- 
ing  of  Babylonia,  which  was  chiefly  watered  by  artifiuial  irrigation,  (for 
the  A^syrnns  he  observes,  '  had  but  little  rain,')  says,  it  was  the  most 
fiuitfiil  ijf  all  the  countries  he  had  visited.  tVrn,  he  s.iid  never  produced 
les-i  th.in  two  hundred-fold,  and  sometimes  three  hundred ;  and  after  ro- 
jiiin;^  some  other  examples,  he  remarks,  that  those  persons  who  had 
n.'t  seen  the  country,  would  deem  his  account  of  it  a  violation  of  proba- 
bility,— in  other  words,  a  traveler's  tale.  Clio,  193.  Five  hundred  years 
afterwards,  the  elder  I'liny  speaking  of  the  same  country,  observes, 
"  there  is  not  a  territory  in  all  tlw  east  comparable  to  it  in  fertility ;" 
while  in  another  part  of  his  work,  ho  refers  to  the  cause  of  its  fruilful- 
Dess — he  says,  the  principal  cjire  rcijuired,  was,  "to  keep  the  ground  well 
watered,"     Nat  Hist,  vi,  26,  and  xviii,  17. 
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I.Ir.  St,  John,  mentions  iv  species  of  Indian  com  grvwing  in  'be  fields 
of  Egypt,  prodigiously  prolific.  On  one  Mr,  llirce  thousiiml  grains  were 
reckoned  !  and  a  lady,  who  frequently  made  the  experiment  in  the  Th». 
bnid,  constantly  found  between  eighteen  hundred  and  two  thousand. 
Egypt  and  Maiuiiiirncd  Ali,  vol.  i,  143.  Another  proof  of  the  value  of 
irrigation  is  given  by  Herodotus.  When  speaking  of  that  part  of  Egypt 
near  Mi'inphis,  he  observes,  that  the  people  enjoyed  the  fruits  of  the  eiirlh 
with  the  smallest  labor,  "They  have  no  occasion  for  the  proces?  nor  thi 
iH«^•/(Hle;(^^  of  agriculture,  usual  and  necessary  in  other  countries."  This 
remark  of  the  historian,  has  been  ridiculed  by  some  authors;  bift  its  truth 
has  been  verified  by  recent  travelers.* 

The  advantages  v(  artificial  irrigation  have  not  only  been  known  from 
the  earliest  ages,  but  some.  o(  the  most  stupendous  works  which  the  intel- 
lect of  man  over  called  into  existence,  were  designed  for  that  purpose: 
works  so  ancient  as  tt>  perplex  our  chronologists,  and  so  vast  as  to  incline 
some  historians  to  chiss  them  among  natural  formations.  Ancient  writers 
unite  in  a->si-Tiiiig  that  Luke  Mccris  was  '  the  work  of  men's  hands,'  and 
constructed  by  a  king  of  tliat  name;  its  prodigious  extent,  however,  has 
led  stune  nmdern  authors  to  rjuestion  its  alleged  origin,  although  artificial 
works  still  extant,  equal  it  in  the  amount  of  labor  required;  as  the  Wall 
of  China,  the  Fyrainids,  and  other  works  of  ancient  Egypt.  Sir  William 
Chambers,  when  comparing  the  works  of  the  remote  ancients  with  those 
of  Greece,  observes  that  (he  city  of  Hnbylon  would  have  covered  all 
Atlicji;  that  a  greater  number  of  men  were  employed  in  building  it,  than 
there  were  inhabitant's  of  Greece;  that  more  materials  were  consumed  in 
a  single  Egyptian  Pyramid,  than  in  all  the  public  structures  of  Athens; 
and  that  Lake  Mareutis  could  have  deluged  the  Peloponnesus,  and  ruined 
all  (jreeco.  But  incredible  as  the  accounts  of  Lakes  Mfieris  and  Mareolis 
may  appear,  these  works  did  not  surpass,  if  they  equaled,  another  example 
of  Egy[)li,in  engineering,  which  had  previoiml ij  been  executed.  This  was 
the  removal  of  the  Nile  itself!  In  the  reign  of  Menen.  (the  first,  or  one 
of  the  first  sovereigtis)  it  swept  along  the  Libyan  chain  of  raoiintains,  that 
is,  on  tine  sii/e  of  the  v:dley  that  constitntca  Egy[)t;  aini  in  order  to  render 
it  equally  beneficial  to  both  ^idt.•s,  anew  channel  was  tiirmod  through  the 
centre  of  the  valley,  into  which  it  was  directed  :  an  undertaking  which 
indicates  a  high  degree  of  scientific  knowledge  at  th.at  eucly  period. 

llefori".  the  takes  and  c;innls  of  ISgypt  or  (,'hina  could  have  been  under- 
t.'ikcn,  the  inhabitants  must  have  been  long  under  a  reguter  government, 
and  one  which  cotild  command  the  resources  of  a  settled  people,  and  of  a 
people  too.  who  from  ex[icricnce  could  appreciate  the  value  of  such  works 
lor  the  purpose  of  irrigation,  as  well  as  the  inenii'iency  of  previous  devi<-es 
lor  the  same  object;  lliat  is,  of  mnchiiipj)  for  raising  the  water:  (or  if  It 
bo  supposed  the  construction  of  c.iiials  to  ccmvey,  of  reservoirs  to  contain, 
and  of  locks  and  shiices  to  distribute  water,  preceded  the  use  of  MvouiN'Ra 
lor  raising  it — it  would  be  admitting  that  men  in  ignorant  fimi's  had  the 
ability  to  conceive,  and  the  skill  to  exei-ute  the  most  extensive  and  perfect 
works  that  civil  engineering  ever  produced — to  have  formed  lakes  like 
oceans,  and  conveyed  rivers  through  deserts,  ere  they  well  knew  liow  to 
raise  water  in  a  bucki-t,  or  transmit  it  through  a  pipe  or  a  gutter.  The 
fact  is,  ages  must  nfces-sarily  have  cliipsed  b''fi)re  such  works  could  have 
been  dreamt  of,  and  more  before  they  could  have  been  accHimplished. 
Individuals  would  niiturally  have  recourse  to  rivers  in  their  immediate 
vicinity,  fr(pm  which  (the  Nile  for  example)  they  must  long  have  toiled  in 
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rai3:ng  wKtcr,  befure  tbey  would  ever  think  of  j>i'> -curing  it  from  other 
[wrtanf  thcsamu  slrejiin.Ht  a  dii<tan(:e>ar>iiig  from  tin  ton  hundred  miles, 
or  coiisfiil  to  labi^r  i<>v  its  conveyance  over  such  extensive  spaces. 

H.iw  ••xtrciicfly  aiji'ieot,  then,  must  hydraulic  nncliinery  be  in  E{;7}t, 
'•heti  ■(lii  h  works  as  we  have  named,  wiirc  exocutfd  in  times  that  truna- 
[■  _■  l>»/forc  the  c<iniiiicncenn.-nt  of  histofy — liniea  that  have  been 

>  :  a*  extcniting  back  to  the  itifatioy  of  the  world  !      But  if,  ue  is 

gvucrnllv  snppi>scd,  civilization  and  the  aits  deocendcd  the  Nile,  then 
nuu-hines  for  rairing  water  nuist  have  bten  employed  on  th«  upper  herders 
of  ihiU  river  betoie  lower  Kgypt  was  jitMipled  at  all.  In  Nubia  and 
-Abyswinitt  they  have  at  all  limes  been  indi?^pcn.sablc.  in  consequence of-the 
elevation  of  the  banks  and  tlie  absence  of  rain;  while  in  Middle  and 
Uiwer  Egypt,  during  the  intefvals  of  the  annual  overflow,  tlicy  were  also 
the  only  restmree;  and  at  no  time  even  there,  ooidd  those  groiuid*  which 
lay  beyond  the  reach,  or  alx>ve.  the  iinindation,  be  irrigated  without  them. 
The  surfnr*  of  the  river  during  Mow  Nile'  is,  in  parts  of  Nubia  30  feet 
Iteluw  the  biinkii,  in  Middle  Egypt  20  feet,  and  diminishes  to  the  Delta." 
In  other  countries,  rain-water  was  (and  still  is)  collected  into  reservoirs 
un  the  highest  plnces,  and  distributed  as  required  ;  l)iit  nothing  of  this  kind 
cjiHd  ever  have  taken  place  in  the  land  of  the  Phaniohs.  We  are  informed 
the  inhal'itants  of  ancient  ITiebea  were  once  thrown  into  great  consterna- 
tion by  a  phenomenon  which  they  looked  upon  jis  an  omen  of  fcartul 
import — it  wax  simply  a  »hotcer  of  rain  !  Tlii>  ciretnnstaiice  ex|i|ains  the 
opinion  of  the  oid  iigyptians,  in  supposing  the  Greeks  subject  to  famines, 
as  tb«ir  liarvost.i  deproded  on  rain,     flerod.  ii,  1.'). 

A  striking  result  derived  from  an  examimition  of  Egyptian  history, 
ob.serves  Mr.  Wilkinson,  is  the  conviction,  that  the  earliest  times  in;.o  whicn 
we  are  al*l«'  to  ^enclralc,  civilizetl  cojiiinunitie.i  already  existed,  and  society 
poj-scsstd  nil  li>e  features  of  later  ages.  The  most  remote  pi'riod  to  which 
we  can  M-e,  opens  with  a,  nation  possessing  all  the  arl.i  of  civilized  life 
iilrtariij  nuititred.  The  pyramids  (if  Memphis  were  erected  within  three 
hundred  sears  of  the  Dclngo;  iind  the  Tombs  of  Belli- Hassan,  hewn  and 
]<ainu-d  with  subjocta  describing  the  arts  and  manners  of  a  refined  people, 
about  six  hundred  years  after  that  event.  Frotn  these  paintings,  &c.  we 
le«rn  that  the  manufacture  of  linen,  of  cabinet  work,  of  glass,  of  elaboni'.e 
works  in  gold  and  silver,  broniie,  Ace.  and  numerous  games,''  Aic,  were 
then,  as  now,  in  V4>gue.  Tlie  style  of  architecture  was  grand  and  chaste, 
ii>r  the  fliued  columns  of  Beni-Hassan  "  are  of  a  charactiT  callitii;  to  mind 
the  purity  of  the  Doric."  Indeed,  modern  science  and  the  researches  i^f 
travelers  are  daily  adducing  facts  which  set  at  deliance  our  orrlinnry  c.\\r>*- 
t.ological  theories,  but  which  appear  to  strengthen  the  opinion  of  ihiwe 
auntnrntators  of  the  scriptures,  who  consider  the  Deluge  of  Noah  to  l.Ave 
^>♦^•n.  like  that  of  Deucalion,  focal,  not  universal:  a  doctrine  inconsistent 
with  the  postdiluvian  origin  of  the  mechanic  arts  generally,  and  of  simple 
ULV  bines  for  raising  water  in  particular. 

There  is  a  striking  resemblance  between  the  esrly  history  of  Egypt  anil 
that  of  China,  with  regard  to  the  origin  of.  ind  esteem  for  agriculture,  rc- 
licii.u*  eercinoiiies  connected  with  it,  artiliciai  iriigat ion,  modes  of  working 
til  ■  <  III.  and  implements  used.  This  art  aniong  both  people  was  coeval 
with  their  ejtistencji  as  nations,  and  doubtless  extends  back,  as  ancient  wri- 
ters a»eix,  to  periods  anterior  to  Noah's  flood."     Shinsi'no.  the  'divine 

•  W.lfc    .*n.  K?>p«.  i.  » 

■•linp,  sinulo  utirk,  »nil  Ijull  fi'^'lil.".  ^me«  of  lull,  llirowiiig  knivas, 
'lice,  luiil  lliimblurig,  are  nil  rt'prr»-ul>;d  i4.-  ibi!  nxiuuiueuls. 

^  ur  »-•.[■(.  -  ^..-...K  118,  Uia.  17S8. 
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hiif^liandnian'  reseniblei]  Osiris.  lie  bopaii  to  reigii  28.3'2.  B.C.  nr  nearif 
five  hundred  years  before  the  deluge;  and  it  is  in  imitation  of  this  nntedi- 
liivi.iii  monarch,  that,  the  cniiierors  at  the  present  day  p'ouph  a  portion  of 
land  viitli  their  own  hands,  and  s<>w  diflerent  l\inds  of  gi.iiu,  "nc<«  n  year, 
Such  it  rippcars  was  also  tlie  priiclice  of  Egyptian  nionarchs,  for  eti;lilem,v 
tiinl  re[irescnlations  of  thctri  linH.I.inf:  up  the  r">il  with  ii  hoc,  are  liiund 
Bmons!  the  sculptures.  Osiri-s  instructed  them  in  agricniline,  and  taugiit 
iheiii  the  value  and  piaelice  of  irn'jntion.  He  confined  the  Nile  within 
I'iirks,  and  fornied  shiiies  to  water  the  land.  On  these  accounts  was  be 
idolized  after  dejjtii.  and  worslii[ipi.'d  as  a  god  :  and  the  ox  which  ho  tjaiglit 
ili«!-m  to  employ  in  the  cnltivutinn  of  the  soil,  was  selectwi  to  personate 
hiiii.  In  accordance  with  this  custom,  the  Israelites  made  and  worshipfxxl 
ihr.  calf  (or  ox)  in  the  wilderness;  and  .lereboain  to  pratifv  the  ignorance 
or  'iiiperstition  of  his  coui.trynien,  placed  golden  statues  of  iheiii  in  Dan 
n:  d  Bethel  ;  or.  perhaps  tVoui  policy,  introducing  the  worship  of  Apis,  ns 
a  ciimiiliinent  to  Shi?hiik,  with  wh<'m  he  hiid  t<>uiid  a  refuge  from  the 
Mrath  of  Siilonion.  Similar  to  the  worship  of  Apis,  is  the  great  festival 
I  j'  the  Chinese  when  the  sun  reaches  the  15°  of  Aquarius,  dnriiic  \shich 
a  iignre  of  a  cow  is  curried  in  the  processions.  The  feast  of  I>anterns  of 
this  people,  is  also  like  that  of /awow  anciently  held  overall  Egypt.  Ilerod. 
ii,  \'.'i.  The  celebrated  Yu  was,  lik«  some  of  his  predecessors,  raised  to 
iho  ihrono  of  China,  on  account  of  his  agricullnral  labors.  We  are  in- 
formed that  he  drained  a  great  portion  of  the  laud  ;  and  that  he  wrote  se- 
ver t'.  biioks  on  the  cultivati'in  of  the  soil,  and  on  irriff^tli' ■n,  lie  flonrished 
22';j  B.C.  or  abimt  140  years  utler  the  flood.  Seventeen  years  after 
his  death,  it  is  admitted  thiit  husbandry  became  siintemulicalltf  orgnnized^ 
which  necessarily  included  a  settled  plan  of  artificial  inigation.  A  writer 
in  tb'  Chinese  Repi>silor\  observes,  "in  these  cjirly  ages,  the  fundamental 
litivinis  of  the  science  of  husbandry  were  established,  which  so  far  as  we 
i«.n  learn,  have  been  practised  to  the  present  day ^^  \\'\.  iii,  121.  Egypt- 
ian h.tsbandry  wo  are  told  consisted  chiefly  in  having  proper  machines  foi 
rit:iiiig  water,  and  small  canals  judiciously  dispnsed  to  disiril)ute  it  over 
their  fields.  In  both  these  respects  it  rcsoinbled  that  of  China,  at  the  pre- 
s«-nt  day  ;  a  portable  nia<hine  to  rai.se  water,  being  as  necessary  an  iruple- 
niont  to  a  (Jhinesc  peasant  as  a  spade  is  to  one  of  ours. 

.'"he  mi/lholuf/i/  of  the  whole  ancient  world  seems  not  only  to  have  been 
il/timately  associatcti  with  iigrictill tire,  but  appears  to  have  been  based  up- 
Oi.  it.  To  the  invention  of  the  plough,  and  the  irrigation  of  land,  all  the 
mysteries  of  Ceres  may  be  referred.  The  great  importance  of  agriwil- 
lure  in  furnishing  Piod  to  man,  induced  legislators  at  an  early  period  to 
devise  mc.ids  In  promote  it.  Tliis  they  accomplished  by  connecting  it 
with  the  wor.ship  of  the  gods;  and  by  classing  the  labors  of  husbandry 
(innmg  the  most  essential  of  religious  duties.  This  system  seems  to  have 
bet',  universal.  It  was  incorporated  by  the  Konian  lawgivci-s  with  tlie 
Institnlitins  of  that  people.  Plutarch,  in  his  life  of  Nnnia,  expressly  states 
ttiat  someof  the  laws  were  designed  to  recommend  agriculture  "lisaparl 
of  religiun."  See  also  Pliny,  xvli,  2.  The  sacred  bookx  of  ahnost  all 
ancieni  niitions  placed  irrigation,  di;.:ging  of  tanks  and  wells,  among  those 
ncis  most  acceptable  to  the  gods;  and  hence  the  Zend'ivesta  of  the  Per- 
sians, and  the  Slinstcr  of  the  Hindoos,  distinctly  inculcate  the  conveying 
of  water  to  barren  land,  as  one  of  ihe  precepts  of  religion. 

As  n^'.  <.i'iintry  depended  more  upon  ;i;!ricuiture  for  the  physical  and  poli- 
tical c.vistence  o(  its  iidml.'itants  than  I'Jgypt;  so  nowhere  was  religious  ve- 
ticnilion  I'm  ii  carried  bi  a  greater  extent.  \\"e  are  infirnied  iJieir  priests 
and  statesmen  used  "all  their  influence  in  advancing  the  prosperity  and 
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rpltMrlcf  of  amicmlture;"  «nrj  as  Osiris  mnde  his  own  plough,  both  kings 
•lid  p/ittsls  wure  ssceptres  of  the  furin  of  that  implement.  So  sensiljiti 
wer>3  they  of  the  "jlessings  derived  from  agricultnre,  that  ihey  not  only  en- 
forced the  worship  of  Usiris  and  Is'is  for  its  discovery  and  introduction, 
bill  cAU'«ed  even  the  animals  (oxen)  that  assisted  in  the  cullivaliou  of 
thtfirUnds  to  be  honored  with  religious  riU's.  It  CAunot  therefore  besup- 
p"<«fd,  that  a  peijple,  who  thus  consecrated  almost  everything  connec 
U^l  with  husbiindry,  should  neglect  ihiit  in  which  it  chiefly  con?.ist«d,  viz.; 
lRHru4Tiu.v-,  for  litis  was  the  real  cause  of  the  atnazing  fruitfulness  of 
tii»'ir  .saiil.  and  <>f  their  imlividuai  and  national  prosperity.  Thus  Isis  is 
ut'nn  found  repre-iented  with  a  bucket,  as  an  emblem  of  irrigation,  and  of 
ibt"  fecundity  of  the  Nile.* 

From  the  f  iregoing  r«?inark8  the  great  antiquity  of  machines  for  raising 
water  inay  be  inferred  ;  for  artificial  Irrigation  certainly  gave  birth  to  the 
most  valuable  of  our  hydraulic  engines,  if  it  be  not  indeed  the  great  pa- 
rent of  them  all. 

The  ancient  practice  of  constructing  large  tanks,  to  collect  water  for  ir- 
rigation, is  still  followed  m  various  parts  of  the  e^ist,  and  their  dimensions 
render  our  reservoirs  comparatively  insignificant.  In  the  Girnatic,  some 
«r*  ti^ltl  miU»  in  ItnglU  and  three  in  breadth.  In  Bengal,  they  freijuently 
cover  a  hundred  acrej>.  and  are  lined  with  stone.  Knox,  in  his  Historical 
Iti-lation  of  Coylon,  (Lon.  1(>S1,)  says,  the  natives  formed  them  of  two 
Bud  thrice  fatbmns  deep,  s<jme  of  which  were  in  length  'above  a  mile.'  (p. 
{•.)  To  the*e  reservoirs,  and  the  difficulty  of  making  them  sufficiently 
tight  t>>  hold  the  water,  there  is  m\  allusion  in  Jeremiah  ii,  13.  Le  Cumle, 
meutiotis  them.  When  limite'l  quaiilitie*  of  water  were  required  at  a 
di9Ial)c<^  at  places  situated  higlier  than  its  source,  it  was  otlcn  carried  in 
v,>-a<!(<|s  oiisfieiided  from  a  yoke,  and  borne  across  the  shoulders.  This 
r;>  i  pi.ictjscd.     In  the  pliiin:>  iif  Dain.ir  in  .\rabi!»,  water  is  drawc 

fr  _    .%  ells  and  thus  cjurled  to  the  fields.      Dr.  Shaw  observes  of 

the  oountrj-  of  the  llenni  Merwh,  (in  ancient  Mauritania)  it  has  no  rivu- 
lets "but  is  su|>{>lied  alt<'gethcr  with  well  water."  "Persia,"  says 
Ffver,  "is  chiefly  beholden  to  wholesome  springs  of  living  water  to 
quench  the  thirst  of  plants  as  well  as  living  creatures."  This  method  is 
pnr<.ued  by  the  Hindoo-i,  Jujiancse,  Chinese,  Javanese,  Tartars,  &c.,  in 
watering  those  lerr.icei  which  they  construct  and  cultivate  on  the  sides  of 
tuuuntAn;jj. 

"The  Chinese,"  says  Le 
Comte,  '•  have  everywhere  in 
Xensi  and  Xansi,  for  want  of 
rain,  eerUiir.  pits  from  twenty 
to  a  hundred  and  twenty  feet 
deep,  from  which  they  draw 
water  by  an  incredible  toil  to 
irrigate  their  land."  That  the 
mf>de  of  carrying  water  \/o  the 
fields  by  the  yoke,  was  prac- 
tised in  Egypt  in  ancient  times 
flfipears  froni  the  figures,  No. 
-7,  Copied  from  sculptures  at 
lieni  llassnn,  the  oldest  monu- 
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mcnts  extant  in  that  country.     One  of  those  wooden  yokes  was  found  at 
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Theb«s,  with  leather  straps  and  bronze  buckles,  and  is  now  preserved  in  fl 
Engian'l.     The  yoke  is  abuut  three  feet  seven  inches  limw.  and  the  .straps, 
which   lire   double,  about  sixteen   inchos.     Some  yokes  h.id  from  f  jur  V) 
eiuht  sirups,  according  to  the  purposes  fur  which   they  were   intended. 
\Vilk.  An.  Egypt,  vol.  ii,  138. 

As  watering  the  land  has  always  been  the  staple  employment  in  Egypt, 
there  eaii  be  little  doubt,  that  the  Israelites  were  employed  in  this  service. 
We  are  informed  "  their  lives  were  made  bitter  unto  them  by  kird 
bondage,  in  mortar  and  in  brick,  and  in  all  manner  of  tervice  in  the  field." 
And  in  Deuteronomy,  xi,  10,  irrigating  the  land,  is  expressly  mentioned 
as  one  of  thuir  labors.  In  Leviticus,  they  are  reminded  that  it  was  Gi.>d 
who  brmij/ht,  them  out  of  Egypt,  and  delivered  them  from  slavery,  who 
broke  the  btuids  of  their  yoke  and  made  their  go  ufiriglit ;  alluding  to 
the  stooping  posture  consequent  on  the  long  comiiiued  use  of  the  yoke; 
and  in  case  of  disobedience,  they  were  thieutene  I  with  subsequent  thral- 
dom, to  ''serve  their  enemies  in  hunger  and  nakedness,  and  with  a  yoke 
on  their  necks;"  a  literal  description  of  them  when  thus  employed  in 
watering  the  lands  of  their  uppressors.  A  pass;ige  in  the  81sl.  I'aalm.  ap- 
pears to  refer  expressly  to  their  deliverance  from  this,  and  another  labo- 
rious method  of  watering  the  soil.  "I  removed  his  shoulder  from  the 
burden,  his  hands  were  delivered  from  the  pots."  The  severity  of  this 
labor,  may  be  iiilerred  from  that  of  Chinese  pea-sanLs,  who  carrying  bur- 
dens  like  the  Egyptians,  have  deep  impressions  worn  on  their  shimiders 
by  the  yoke.     Osbock's  Voy.  i,  252. 

It  wiis  a  common  custom  of  old  to  eniploy  slaves  and  prisoners  of  war, 
in  watering  and  working  the.  land.  IIen>dolus,  i,  (>*),  observes  of  the 
Lucedemmiians,  that  after  llio  death  of  Lycurgus,  they  invaded  the  Te- 
gcans,  and  carried  with  them  a  quantity  of  fetters  to  bind  their  enemies; 
but  they  were  themselves  defeated,  and  loaded  with  tlioir  own  fetters, 
were  employed  in  the  fields  of  the  Tegcaiis:  and  Joshua,  in  accordance 
with  this  custom,  made  the  captive  Gtbeonites  '  hewers  o(  wood  and 
drawers  of  water.'  Isaiah  alludes  to  the  same,  Ix,  5  ;  strannern  thall 
stand  and  feed  your /locks,  and  the  sons  qf  the  aMn  shall  be  your  plough- 
men and  your  vine  dressers. 

This  figure  represents  a  modern  la- 
borer of  Ilindostan,  and  it  will  serve 
also  to  represent  those  of  China  and 
other  Asialic.s,  who  carry  water  to  their 
gardens  and  fields  in  precisely  the  same 
way.  It  will  be  perceived  that  th» 
jr>rm  of  the  vessels  is  similar  to  that 
of  the  old  Egyptian  Pots  in  the  pre- 
ceding figure,  and  that  both  of  them 
serve  to  corroborate  our  views  respect- 
ing the  origin  of  tdio  l<>rms  of  these, 
and  other  domestic  vessels  of  CJipacity. 
There  is  another  mode  of  carrying 
water,  which  was  anciently  practised, 
but  of  './hich  we  do  not  remember  to 
have  seen  any  particular  notice.  It  is  represented  in  rintes  ."VO,  and  75. 
Pitt.  Sloria  Dell'Arte.  A  conical  vessel  bent  like  the  horn  of  an  o.\,  is 
borne  on  the  shoulder,  the  large  and  open  end  projecting  in  fnnit,  so  that 
the  bearer  could  discharge  iny  part  of  its  contents,  by  inclining  it,  which, 
in  one  figure  is  effected  by  means  of  a  cord  going  r.nmd  it,  and  one  end 
held  in  the  liand.     These  vessels  are  figured  as  large  as  the  bodies  ol 
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ib««p  wlio  carrr  thrni,  and  appear  to  have  been  formed  of  staves,  and 
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i|uity  of  watering 
fcr  Ui  uti«  of  ihi?  fOiMlellaltoiis,  to  "  Aijuarius"  ur  the  "  WuiiT  Pourer."  a 
fi^rurp  which  was  adopted  as  an  ejsprpssive  emblem  of  tliiit  season,  when 
rains  do=tV'iided.  and  iLe  1and«  wore  irrigated  by  naturi-  alone.  Allbuugh 
it  itiKV  ["'ssibly  b«  true,  as  s<>iiie  authors  suppose,  that  some  ut"  the  present 
(tgn<  of  the  Z<H]:it2  were  sulistituted  for  ni'jre  ancient  ones  at  some  period 
of  liai«.  (iixurior  U)  the  Argonautie  expedition — (see  Goguet's  Di^serta- 
tioQ  on  tho  ntta,es  and  figured  of  the  constellation!* — <  Iriginc  des  Loix, 
Tonr>.  ii.)  th»rc  arc  oihers.  and  among  thetn  the  "  Water  Pourer,"  whieh 
■re  for  any  thing  known  to  the  eontrary,  orifjinal  Jit)urr$,  ailoptud  by  the 
6nt  cnltivatiir.5  of  ascrononjical  knowledge,  i.  e.  by  the  antediluvian  sons 
of  Setk,  who,  ncc>irding  to  Jusophus,  were  the  "  inventors  of  that  pecu- 
liar sort  of  windoni  which  i<  concerned  with  the  heavenly  biKlies  and  their 
order  ;''  (Ant.  B.  i.  chap.  2.)  and  which  sijjns  were  e()ntinueii  liy  their 
RUi-c»'ssors,  the  Chaldeans  in  the  first  ages  after  the  flood,  and  have  re- 
lnaine<l  uiui!tere<l  to  our  dats.  The  extreme  anti<|iiity  of  astronomy,  and 
itJ.fonnff.'1'.'M  irilh  (I'lrifuVure,  are  undoubted,  of  whieh  we  shall  meet  with 
ether  e.x;inipl.»  de-'idcs  the  one  just  ^iveu.  This  connection  was  the 
•ource  of  li)e  ureal  riia<s  of  it':m!ioiiciil  imtujerij  which  pervades  the  his- 
tory, tnytho'.oi.'y,  and  almost  every  thing  connected  with  the  remote  an 
cientH;  ino8t  of  whieh  is  so  pi-rclexing  to  decipher,  ami  the  greater  part 
of  »«hich  h;ts  defejitcd  nil  attempts  of  the  miKlerus  sjitisfiwlorily  to  explain, 
lu  the  time  of  Job,  who  is  .sup|)<>«ed  to  nave  lived  before  Moies,  the 
tonnwllalion*  were  well  known.  "Canst  thou  bind  the  sweet  intliienees 
of  Pleiades,  or  loose  the  Invnd :  of  Orion,"' xxxviii,  31.  "  Which  maketh 
Arctiirus.  Orion  and  Pteindes  and  the  chambers  of  the  south,"  ix. 9.  In- 
derd,  M.  Bailey  and  oihyrs  have  admitteil  that  the  astronomy  of  Chaldca, 
India,  and  Hgypt,  is  but  the  wn-ck  of  a  great  system  of  astronomical  sci- 
ence, which  was  enrricd  to  a  high  degree  of  perfection  in  the  early  ages 
of  the  woild, 

Wh'-n  water  b  only  required  to  be  raised  two  or  three  feet  from  a 
tank  or  river,  a  vessel  ^^  ipended  by  four  cords,  and  worked  by  two  men, 
i»  wry  extensively  used  in  the  cast.  In  Egypt  it  is  named  the  "Mental," 
the  figure  of  wlfieh  i^  copied  from  Orande  Description, 


<C^ 


No,  -V.     Kn'jj.liruJ  M'  iJlJ.l. 


A  amall  trench  if  dug  on  the  edge  of  the  river,  on  the  l)orders  of  which 
ni^n  stand  opposite  eai-h  other.     They  hold  in  ench  hand  a  cord,  the 

I  of  which  are  attached  to  a  hatkri  of  palm  leaves  CM)vered  with  leather 

fU^r  lauiiciiing  it  into  the  water,  they  lean  backwards  so  as  to  be  half 
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evateil  un  btnall  mounds  of  earth  ruined  i'>T  the  purpi'se  by  whu-h  th<;  weight 
of  tho  body  BsVists  in  rutsiiig  the  load,  as  it  is  swiin^  t>'«ard.«!  the 
gutter  or  basin  (ornii'd  on  the  bank  to  receive  it.  The  inovi  ments  of  the 
)nen  are  n-giilnlod  by  chaiiiii;",  a  ctistoin  of  great  mitiquily.  nnd  ii<!i.ptod 
in  .'ill  kinds  of  m.inual  labor  where  mure  than  one  pprson  were  enff.i;;od. 
Soniicrat  has  fi^jiired  and  described  (Vol.  ii.  132,)n  similar  coniri\-anee 
of  the  Hindoos.  '•  They  use  a  basltet  (or  watering,  which  i*  made 
inipenetral)!e  withp"3wd«ng  and  clay  ;  it  is  suspended  b>  four  cords;  two 
men  hold  a  cord  in  each  hand,  draw  up  the  water,  and  ci:ij>ty  il  in  l>alAI>< 
cinu:  the  basket."  Mr.  Ward  says  this  machine  is  c-ommciily  used  in  the 
South  of  Hengal  to  water  the  land.  Hi<t.  Hindoos,  1)2.  Tnvplors  in 
China  have  noticed  it  in  use  there  "Where  the  elevation  of  the  bank 
over  which  water  is  to  be  lifted  Is  trifling,  ihoy  sometimes  adopt  the  fol- 
lowintf  simple  method.     A  light  watcr-tighl  basket  or  bucket  is  held  sus- 

f)ended  on  ropes  between  two  men,  who,  by  nllcrnalely  tightening  and  re- 
i«iti(:  Ihe  ropes  by  which  they  hold  it  between  thi-m,  give  a  certain 
swiiifiing  motion  to  the  bucket,  which  first  fills  it  with  water,  and  then 
empties  it  by  a  jerk  on  the  higher  level ;  the  elastic  sprini;  which  is  in  the 
fiend  of  the  ropes,  serving  (o  diminish  the  lalior."  Davis'  China,  Vol.  ii, 
3.58.  Chinese  He[K)s.  Vol.  iii,  12.5.  Sir  GiM^rye  Sl*unton  alw  de-cribcd  it, 
with  an  eiij^raving ;  by  which  it  appears  the  Chinese  do  not  use  a  bank  of 
earth  or  any  other  prop,  like  the  Egyptians,  to  support  ihem  in  their  I». 
bor.  Osbeck  has  noticed  a  peculiar  feature  in  working  tJie-ie  biiskcLs.  T\e 
says  Chinese  laborers  twist  the  cords  as  they  lower  the  vessel,  and  when 
it  i>  rai-icd,  the  »«yi<nW/«<;of  them,  overturns  it  nnd  discharges  tlie  contents. 
This  mode  of  raising  water  in  China,  was  noticed  by  Ganielli,  in  lt)95, 
allhon^jh  not  particularly  described  by  him  :  he  says  "the  Chinese  dravr 
up  water  in  a  basket,  two  men  working  at  the  rope." 

Of  all  employments  in  ancient  and  modern  Egypt,  this  may  be  cons' 
dered  the  most  laborious  and  degrading.  Tile  wrctcliL-d  peasants,  naked 
or  nearly  so,  may  be  seen  daily,  from  one  end  of  Kgypt  to  the  other,  in 
the  exercise  of  this  severe  labor.  "1  have  seen  them,"  says  Volney, 
"  pass  whole  days  thus  drawing  water  from  the  Nile,  exposed  naked  to 
the  sun,  which  would  kill  us."  To  this  mode  of  rai-'ing  water  there  is 
probably  an  allusion  in  the  latter  clau.se  of  the  passa^'e  already  quoted 
from  the  Slst  Fsalm  :  "His  hands  were  deliveri-<i  from  the  pois,"  or 
"  I'afltls"  as  the  word  is  sometimes  translated,  atiJ  is  so  in  this  instance 
in  the  margin  of  the  common  English  version.  Itideed  it  was  peculiarly 
appropriate  that  a  psalm,  written  jis  this  was,  to  celeliralo  the  deliverance 
of  the  Israelites  from  Et:ypttan  bondage,  should  ullude  to  some  of  the 
severest  tasks  imposed  up:>n  them  while  under  it.  Udisiug  the  water  to 
irrigate  the  land  was  emphatiailty  "tub  ladqk  of  LurPT,"  from  which 
they  were  freed. 

Some  addition.al  remarks  to  those  on  pa'.je  81,  respecting  other  arts  and 
customs  delineated  on  Egyptian  monuineiUs,  may  interest  some  readers. 

Suiting  filth  seems  to  have  been  a  rcgulftr  profession  in  ancient  E^ypt, 
and  by  processes  Hinilar  tii  those  now  in  iise;  although  il  was  not  till  the 
l,5ih  century  tliat  ilie  art  was  known  in  modern  Europe,  when  William 
Bukkum,  a  Diilehinan  who  died  in  1447,  ''found  out  the  art  of  salting, 
smoking,  and  preserving  herrings."  It  is  also  no!,  a  little  singular  that  the 
Egyptian*  had  a  religious  rite,  in  which,  as  in  modem  Lent,  every  person 
ate  (ish.  They  u«ed  th«  spear,  hook  and  line  ;  drag,  seine,  and  other  nets. 
Part  of  a  net,  with  h-ads  to  sink  it,  has  been  found  at  Thebe?.  Wealthy 
individuals  had  private  fish   ponds,  iti  which  they  iiiigled.     They  huntu^ 
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with  doffi;  nnd  nUt.  with  the  lion,  which  was  trniawJ  fi.>r  tlini  |*>irpose, 

'i  lassti,   and  vnrioiis    traps,  were    omnrnon.      Cnttl-   Trere 

I  I-  ii.'i  rn"5  of  their  owniirs.     In  tiikiiic  hinh,  tliov  hiwl  dcoovs 

■   ni    fijwlers.       Beer  was  iiii   Ei;_v|iliiin   lioverage.  iinj 

^  •  iileiit — these  were  At  »u\n}rujr  in  Ustn  In  mirs,  as  in 

'   liif  liiiiichHS  in  which  ihey  wi.tc  ti»l.     At  fcdsij  ilicy  hml 

'  injr.  oa«t;iiiels.  nni]  oven  the /)iVoi/e«' of  Italian  and  French 

rtitle*.      Tliiy  lj.1.1   ^.fiiif/^  at  menls ;   and  wore   wrejilhi  of  (towers  and 

B«>»»«^ay8.      E«*eiH'<>3  in  Uoltle.^  an  I  ointnuMit-,  the  odor  of  soino  of  which 

riiiains,      'I"he   ladies  wore   necklaces  formed  •  f  bead.*  or   ({old.  jtlasR, 

nd  d"  precious  stones  and  even  of  iniitnlion  st  Jiies.     In  dre&s.th>y  had 

niton  and  liner,  clothj  ,  some  of  the  latter  were  so  fine  as  to  b.v'Cuinpaied 

flo  wovrn  air,  through  which  the  person  was  distiiietly  seen  ;  and  the  foriiipr 

of  pattvnis  similar  to  th<wHs  of  modern  calicos,     Ezelciel  speaks  ol'  "fiiin 

lir>eii  with   broidered  work  from  Egypt;"  and   in  Ex'diisit  is  otlen  incn- 

ti'iiH'il.     They  had  tissues  of  silver  acid  jjold,  and  cloth  lijrnied  wholly  of 

tho  latter.     In  fiiniitiire,  carpels  and  rnjrs  :  one  of  the  latter  was  foriii'i  a*, 

'1  h.'ht-s,  having  flijures  of  a  Ixiy  and  a  goose  wr«""ight  on  it.     Toilet  boxe« 

.;  1  with  vanoi:8  colored  woods,  anil  ornariietiied  with  ivory  and  golden 

Sofas,  chairs,  stools  and  ottomans,  all  imitated  m  modern  artii-le.;. 

'  -  pnnlo~ed  in  mos"jiiPtv>  nets;  and  pillows,  the  latter  of  wocil,  ih* 

r  wliii'li  tlji'V  were  formerly  made  in  Europe.     Inlaid  works  of 

\  and  bronze.     Vases  of  elegant  for?. m  ti. id  elaborate  workman 

ii  iniiiiht'rs  of  these  are  reprewnted  ahi<   ijj  the  varieties  of //-///i//* 

•i  by  jhrrii/nrrx  to  Thothmes  111,  in  whose  reiun  tlie  Israelites  left 

!'!.     L>..uf-hirii^es  mid  bolts  of  bronze   similar  to  th^^  modern;  sejde- 

beaiiis.  enanielliiu;.     Gold-beatiii<^  and  gildihg.    Gold  and  silver  wire  ;  some 

siieciiiieiis  are  llaliencd  with  the  hamii'.er,  others  arc  believed  to  liavc 

In-eii  drawn.      V'essids  wit',  spouts  like  tlioKe  of  our  tea-kettles:  one  of 

Ui»)  be^t  prtMjfs  of  skill  in  working  sheet  metal. 

Glass  blowers  are  represented  at  work,  and  vessels  identical  with  our 
demijohns  anil  Florem-*  flasks  hav«  been  found,  and  both  protected  with 
re«d  or  wicker  work — besides,  pocket  bottlofi  covered  with  leather,  and 
other  vessels  of  glass,  cut,  cast,  and  blown.  Goldsmiths  in  tliuir  shops 
■re  shown,  with  bellows,  blow-pipes,  eruciidei  and  furnaces;  gokbui  ba-i- 
kets  of  open  Work  ;  solder,  hard  and  soft,  the  latter  an  alloy  of  tin  and 
lead.  Stone-cutting;  the  form  of  the  mallet  the  same  lus  ours.  IJIilscls 
of  broii/e;  one  found,  is  nine  and  a  ijuarler  inches  Ions,  "i''l  weiuh-.  otie 
pound  twelve  ounces — its  form  resembles  those  now  in  use.  Whoel- 
Wrights  and  carriage-inakors  at  work;  from  which  it  is  ascertained  that 
the  iK-nt  or  iinpiroved  carriage  pole  of  niodeni  days,  was  in  use  upwards 
of  three  thou>atid  years  ago.  L«rpenters  and  eabiuet-tnakers'  shops,  are 
represf-tit*^  ;  fioin  which,  and  from  specimens  of  work  e.\l;uit,  we  learn 
that  "  ■  and  doweling,  glue,  and  veiieertfj  were  comiiwn.     Adzes, 

*:iw':.  .  drills  and  bows,  were  all  of  brolizi'.     Models  of  boats. 

'i  i-eniier's  ['riife  bad  a  semicircular  blt"i«,  and  was  identical  with 

t'  ni  one.     Shoe  and  sandal   makers  had  s'ruij^ht  and  Le/ii  awls; 

the  Utier  was  :  upjiosed  to  have  been  a  modern  iiiveiition — the  bristle  at 
the  end  of  a  thread  does  not  seem  to  havr  'u'en  used,  as  one  person  is 
«een  drawing  the  thread  throujfh  a  hole  with  (lis teeth.  Lastly.  Egyptian 
ladii-s  wore  their  hair  piailc.1  and  curlel  ;  they  had  mirrors,  needles,  pins, 
and  jewelry  in  great  abunitance;  the.\  h,id  'uns  and  combs;  one  of  the 
Utter  has  teeth  larger  on  one  side  than  on  the  >.ithor,  and  th"  centre  Is  carvod. 
and  was  probably  inlaid.  Their  children  had  dolls  and  ot>><"ir  toys;  and 
the genlJeioeJi  used  walking  canes  and  wr>tn  wiijs,  which  were  ix)uimoa. 
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0  II  A  P  T  E  U    XII. 

GutU*TS  !SiMi(kM]ii  — Doiiltlc  il  J. — Tjirtlii  or  MjnduifUii:  lafffluloiw  mo<lc  of  worklDj  U^Bofbrrod  M 
U  LhiiidTniwimy— nihor  A^^lnltc  iiinrliltii?*  iiinvpU  in  i%»liiiUiir  maiiTxT — It*  AiitKiully.  t'utiililiinllMn  i»l 
IbviTanti^  guttur»— 8wliii{)i)gor  Pcudulura  Muchlnu— KtKklutcgutlera — Dutch  Bciiop — Floab  WtiwL 

J.loifr  of  the  riMohiiw."  hitherto  noticed,  raise  water  by  means  of  floxi- 
bie  coi'Us  or  I'iuiiiis,  aiiii  ure  geiiernlly  applicable  to  wells  of  great  depth. 
VVc  now  enter  upini  ilie  (.'xaniinaliuM  of  unotiicr  variety,  whiili,  wiih  one 
exwplion,  (the  ch.iin  of  I  "is)  tire  composed  of  iiillexible  maleiijils,  and 
riiisu  water  to  liniiii-J  heights  only.  Another  important  distinction  be- 
twei'ii  tiicni  iri  iht' — In  jireoediiijj;  iiiaehines,  tiie  '  incdianical  poweis'  are 
distinct  from  ihe  hwJraulic  npj>aratus,  i.  o.  the  wheels,  pulleys,  windla.-.^ 
oipsbin.  A:c.  fmin  nti  ess«  ntial  part,  of  tho  nin^hine  proper  for  raising  llie 
WHtcr,  but  are  merely  cniplo\ed  to  tniusniit  inotion  to  them;  whereis 
those  we  are  now  aiiout  to  describe,  a.u:  made  in  the  fonn  of  levers, 
wheels,  iltc.  and  are  pro]ielled  as  such.  The  tijllowing  f.gare,  represents 
line  of  the  earliest  specimens. 


Ko.  3iJ.    t-UiKli  ij  alter. 

It  IS  simply  a  trough  or  gutter,  the  open  end  of  which  rests  on  the 
bunk,  over  whieh  the  wa.ir  is  to  be  elevated;  the  other  end  being 
closeil  is  pliiniTi'd  into  the  li.^uid,  and  then  raised  till  its  contents  are  dis- 
charfied.  It  forms  what  i-s  called  a  lever  of  the  second  order,  the  load 
being  between  the  fulcrum  and  the  ].iower. 


No.  II.    Double  GuUbr. 

This  fijiire  represents  an  iniprovernent.  bcinc;  a  double  pitter.  or  two 
of  the  former  imiled  atid  placed  aoros.'s  a  trou::h  or  leservoir  dc^iitned  to 
receive  the  water.  A  partition  i.-i  formed  in  tiie  d  litre,  and  two  openings 
made  thron^ih  the  bottom  on  e;»ch  of  its  sides,  ihrnugh  which  the  water 
that  is  rai.-ed  escapes.  The  maeliine  is  worked  by  one  in-  more  men, 
who  alternately  plurjc  the  ends  into  the  water,  ond  consequently  ^iro 
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H  continiinns  discharge.     Sumotiines,  openings  ai'P  made  in  the  bot- 

fji  next  the  laborers,  luid  covered   bv  fliip^,  to  a<lniit.  the  wntei  without 

nt-cesiity  of  wholly  iinnii^rsiiij;  those  ends.     Mtichiiies  of  this  ki«id  are 

seriht'd  by  Beiiilor,  lint  he  hits  not  indimted   their  ori/^in.     Fr.)in  their 

lliifilicity.  ibey  probably  dale  I'roni  rtmiotc  untiqiiily.    They  arc  olivimjsly, 

edifications  of  the  Jaulu  of  ]lind">sliin  and  oilier  parld  of  Asia,  mid 

►ere  perliJips  carried  to  Europe,  (if  not  known  lliere  bel'ore)  uiiiong  other 

f'rieiiiil  devices,  soon  after  u  coinmuaiuutiun  with  that  country  was  ojvened 

by  tbi  Cape  of  Good  Hope. 


THE    JANTU. 

Tb«  j.intu  is  ft  jiftchinc  extensively  used  in  Bengal  nnd  other  parts  of 
Fndift.  to  raise  water  tor  the  irrigation  of  land,  ond  is  thu-s  described  by 
Mr.  Ward,  in  his  History  of  the  Hindoos.  "  ll  consists  of  a  hojlow 
iruiigh  of  womi,  about  fifieen  feet  101%  six  inches  wide,  and  ten  inchei) 
deep,  and  is  placed  on  a  horizontal  beam  lying  on  bamboos  Bxi'd  in  toe 
bank  of  a  pond  or  river.  One  end  of  the  trough  rests  upon  the  bank, 
wliiTi'  a  gutter  is  prepared  to  curry  olf  the  water,  and  tiie  other  i-nd  is 
dipped  in  I  he  WtHfr,  by  a  man  standing  on  a  stjige. /(/loiyi////  it  in  with  hit 
foot,  A  long  bainlHRi  with  a  larjje  weight  of  eai-lh  at  the  farlluT  end  o( 
it,  is  fastened  to  the  end  of  the  jantu  near  the  river,  and  piissiiig  over  the 
gallows  before  nieiiliiined.  pdises  up  the  jantu  full  of  water,  and  wiuses  it 
to  empty  itself  into  the  gutter.  This  machine  raises  water  three  feel,  but 
by  plai'ing  a  series  of  them  one  above  another,  it  may  be  raised  to  any 
kti[)hl,  the  watiT  being  discharged  into  small   reservoirs,  su(li<-iently  deep 

1  admit  (he  jantu  above,  to  be  plunped  low  enough  to  fill  it."     Mr.  Ward 

kserves  that  water  is  thus  conveyed  over  rising  sionml  to  the  distance  of 
a  miU  and  more,     bi  some  patti  of  Bengal  they  have  ditrureni  methods 
raising  water,  "io^  the  principle  in  the  hhimP 

[There  is  in  this  apparently  rude  machine,  a  more  perfect  applicjitioii  of 
chaiiical  science,  than  would  appear  to  a  general  observer.  As  the  ob 
j«ict  of  the  long  bamboo  lever  is  ti>  overcome  the  weight  of  the  water,  it 
might  be  abked,  why  not  load  the  end  of  the  jantu  itself,  which  i>  next  the 
bank  sufficiently  for  that  purpose,  and  thereby  avoid  the  use  of  this  ad- 
ditional lever,  which  renders  the  apparatus  more  complex,  and  apparently 
iinnecc«s;»rily  sol  A  little  reflection  will  develope  the  reasons  that  led  to 
its  introduction,  and  will  at  the  same  time  furnish  another  proof  of  oriental 
ingenuity.  As  the  position  of  the  jantu  is  nearly  horizontal  when  it  dis- 
rharjjes  the  water,  if  the  end  were  loaded  as  proposed,  it  would  descend 
on  tin'  blink  with  an  increasing  velocity;  for  the  weight  would  be  at  the 
end  'if  a  lever  which  virtually  lengthened  as  it  approached  the  horizontal 
position;  and  this  elfet'l  would  be  still  further  augmented  bv  the  ri'sistjince 
of  the  water  diminishing  as  the  jantu  rose,  that  is,  by  its  flowing  towards 
the  centre — the  consequence  would  be,  that  the  violent  eoncns-ions,  when 
thus  brought  in  contact  with  the  bank,  would  speedily  shake  it  to  pieces. 
Now  this  result  is  ingeniously  avoided  by  the  lever  and  its  weight.  Thus, 
)»hen  the  laborer  has  plunged  the  end  of  the  jantu  next  him  into  the 
■water,  this  lever  (as  we  suppose,  for  we  have  not  seen  a  figure  of  it)  is 
placed,  so  as  to  be  ne.arly  in  a  horiiontul  pimiton,  by  which  its  inaxirnuin 
(ijrcc  Is  exerted  at  the  precise  time  when  it  is  required,  i.  e.  when  the 
jiinlu  is  at  ill  lowest  position  and  full  of  water;  and  as  ihe  latter  ascends, 
tile  lo,a<Jed  end  of  the  lever  descends,  and  its  force  diminishing,  brings  the 
end  of  the  jantu  gradually  to  rest.     A  somewhat  .similar  efli-ct  might  be 

KMluc4>d.  by  making  the  load  on  the  lever  descend  into  the  water,  cs 
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pcoially  if  iti  spi^cifie  gravity  vtuied  hut  little  frotii  tbiil  fluid.  Train 
like  this,  which  nrc  iift<-n  fuiuiJ  in  undent  devii-es,  arc  no  moan  proufs  nf 
sicill  in  the  older  inechanirlni.s;  and  as  prnfcssors  of  the  fine  iirts,  di«ciivei 
the  worlis  nf  masters  hy  certain  chiiraclcristic  touclies,  .md  liy  the  jicnenil 
clTeetofii  piiintiri'^  orsciilplure — so  professors  of  the  useful  iir'^  may  poiiir 
to  features  lilie  the  above,  as  proofs  that  thoy  bear  the  impress  of  tlie 
lUOsler  iiie'.haiiiis  of  old. 

At  what  period  in  the  early  history  of  our  species  this  class  i  f  ma- 
chines was  first  devised,  eaii  only  be  conjeelured  ;  tliey  are  eviderily  of 
very  l:i(.'h  ttiiti(|uity  ;  this  is  inferable  not  only  from  their  simplicity,  ex 
tensive  U'-e  over  all  Asia — where  it  may  be  said,  tniichine-s  for  raising  wu- 
•xr  h:ive  never  ehiiuiied— Imt  also  from  the  mode  of  working  them,  by  tfn 
fetl.  Every  one  afi[U,iiMted  with  the  Bil)le,  knows  thit  numerous  opera- 
tions Were  thus  performed.  ITio  juice  of  gr,i|)es  was  expressed  by  men 
treadiiijr  them;  and  the  tombs  of  Egypt  contain  sculptures  reprcsentic^ 
this  and  other  operations.  Mortar  w.is  mixcil  and  clay  prepared  ior  the 
poiler  by  the  feet.  The  Chinese  work  their  mangles  by  the  feet;  and 
both  they  and  modern  Egyptians,  and  Hindoos,  move  a  variety  of  othej 
machines  by  ihc  same  means :  among  these  are  several  for  raising  water, 
as  the  I'ir-.ilah  of  Hindostan,  (described  in  the  next  cba|>t:er,)  the  chjiL" 
pump  of  CI  ilia,  and  we  may  here  remark,  that  all  the  mmhiiie.s  fur  raising 
water  described  by  Vitruvius,  with  one  exception,  were  |>ropulled  by  the 
feet,  or  as  expressed  in  the  English  translation,  by  the '■  treading  of  men." 
It  is  not  at  all  improbable,  that  to  the.lANTt',  Mose^  alluded  when  descri- 
bing to  his  countrymen  the  land  to  which  he  was  Jeailing  them  :  "A  lanJ 
of  hills  and  valleys,"  that  "drinketh  water  of  the  rain  of  heaven,"  wbeio 
they  should  not  be  employi'd,  a-s  in  Egypt,  where  rain  was  generally  tni 
kno^vn,  in  the  p>erpetiial  labor  of  raising  it  to  irrigate  the  soil  ;  "For  the 
land  whithir  thou  goest  in  to  possess  it,  is  not  as  the  land  of  Eg;pl  from 
wh'>nce  ye  came  out,  where  tliou  sowedst  thy  seed,  and  wateredit  it  irith 
l/ii/  /iot."  Dcut.  xi,  10.  Some  authors  sup[io9o  this  passage  refers  to  the 
oriental  custom  of  opening  and  closing  tlie  small  chainiils  for  water,  that 
intersect  liie  fields;  but  this  trifling  labor  woiilil  scarcely  have  been  men- 
tioned by  Moses,  as  constituting  an  imporbnit  li'mliiictirm  between  the  t«o 
countries.  It  was  in  fiict  common  to  both.  It  is  much  more  probable 
that  he  referred  to  the  severe  and  incessant  toil  u\'  railing  water,  to  which 
they  had  been  subject  in  Egypt,  and  wliteh  would  bo  in  a  jjtvjit  degree 
superseded  in  Canaan  by  the  "  rain  of  heaven."  lie  could  not  pos,sibly 
have  pointed  out  to  them,  a  more  enixmragilig  feature  of  the  country  to 
which  they  were  migrating. 

A  vcr-.  interesting  proof  that  the  Egyptians  in  the  time  of  Moses  did 
propel  nuichines  by  the  feel,  has  recently  been  brought  to  light.  In  one 
of  the  tomtis  at  Thebes,  which  bears  the  name  of  ritoriiMEs  III.,  there 
is  a  sculptured  rcpn'sentation  of  some  Egyptian  helloipn  which  were  thus 
worked.  Wc  shall  have  occasion  to  ruler  to  them  when  we  come  to  in- 
quire into  the  history  of  the  puinj),  in  the  third  book.  This  mode  of 
transmitting  hutojiu  energy  appears  to  have  been  voiite  a  favorite  one  in 
aneient  times;  fur  the  purpose  of  illust-'ution  we  will  describe  ope  which 
is  idontic.'il  with  the  Jniitu  ;  and  is  moreover  one  of  t  e  mov/  common  im 
plement^  connected  with  ancient  and  modern  agriculture  in  the  cast:  "The 
Pedal,"  savs  Mr.  Ward.  '  is  a  rough  piece  of  wood,  gi  nerally  the  trunk 
of  a  tree,  balanced  on  a  pivot,  with  a  head  somelliing  like  a  mallet;  it  is 
used  to  separate  rice  from  the  husk,  to  pound  brick  dust  for  buildings,  dte, 
K  person  stands  at  the  further  end,  tuid  with  his  teet  presses  it  down, 
which  r.iises  up  the  head,  after  which  ho  lets  it  fall  on  the  rico  or  brick 
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'Ont>  of  tbesp  pedal*  is  set  up  at  almost  tvtry  house  m  country  pluoi's." 
^This  primitive  itnplenietit  it  also  in  generiil  usp  in  lliu  Atiricuitarul  disiiK-Is 
I'l  CiiiKA.  '"The  next  thing,''  SMvs  n  writiT  in  tlii'  ("iiiriese  Ki'po>ilMi  v, 
V'oL  ill,  233,  "is  to  divest  the  grain  of  the  husk  ;  this  is  dune  liy  pounding 
I  It  in  stone  nx'rfiirs ;  two  of  these  are  [ilaccd  in  the  iirmuid  Ui^ether,  ami 
Lhiive  currespondiiifi  ptestles  of  WHod  or  stone  uttuched  lo  loiig  levers.  A 
1  |fil)orer  by  .iltern:itely  j/*/i^in7  "/>"«  fnrh  Uver  pounds  tlie  grHiii,  tkc." 
IPaper  raill:*  of  the  Chinese,  by  which  the  shreds  of  bamboo  and  the  fii- 
[fUitt  of  rice  are  reduced  to  a  pulp,  are  precisely  the  same,  and  worked  by 
[men  trending  on  levers  ns  in  (he  jantii.'  And  we  may  udd,  that  the  p.HSto 
[of  which  Macaroni  is  made,  is  kneaded  by  a  similar  implement,  and  which 
bthe  Romans  probably  received  from  the  east. 

Hence  it  appear^t  that  the  jantu  is  merely  one  of  a  class  of  machines 
[of  similar  construction  and  moved  in  the  same  ninnner;  Miid  as  the  pedal 
Icif  the  Hindoos  is  siippo«ied  to  be  as  old  as  their  iigrieulture,  the  Jnntu 
liaay  certainly  be  considered  equally  ancient,  for  it  is  the  more  important 
Imaebine  of  the  two.  They  both,  however,  appear  to  have  had  a  com- 
Imnn  oripin;  and  to  have  come  down  together  through  the  long  vista  of 
[pant  ages,  without  the  slightest  alteration.  The  fuel  of  the  jantu  being 
fBtill  used  in  India  proves  its  antiquity,  for  it  is  well  known  that  the  Hin- 
\do<.iii  retain  tiie  same  customs  and  peculiarities  that  distinguished  their  an- 
[ce'»l*'r'«  thousands  of  years  ago.  "  A  country,"  says  Dr.  liol)ertson,  "  wliera 
I  the  customs,  manners,  and  even  dress  of  the  people,  are  almost  as  perma- 
Inent  and  invurialile  as  the  fai'e  of  nature  it.self."  •  This  attachment  to  aiu 
[eient  customs  exists  with  singular  force  in  regard  to  every  thing  coii- 
[nected  with  their  agriculture.  Like  the  Chinese  and  some  other  j)eople  of 
[theeait,  nothing  can  induce  them  to  deviate  from  the  practice  of  their 
Ifoi^fathers,  either  as  it  regards  their  implements  or  modes  of  ciiltiralion. 
lAnd  when  we  l>ear  in  mind,  ihiit  the  Hindoos  wen;  among  the  earliest  of 
civilixtsi  people ;  that  it  wits  their  arts  and  their  scienrc  which  eidightened 
the  people,  who,  in  the  early  ages,  dwelt  in  the  valley  of  the  Nile;  we 
'Can  readily  admit  that  the  jantu  was  used,  in  the  lime  of  Moses,  and 
[that  to  it  he  alluded  in  the  passage  already  quoted  ;  but,  be  this  as  it  may, 
111  may  safely  be  considered  as  a  fair  spt-cimen  of  primeval  ingenuity  in 
iapply  ing  human  effort,  as  well  as  in  raising  water ;  and  in  both  respects  is 
lentitled  to  the  lengthened  notice  we  have  given  it. 

These  machines  when  worked  by  the  feet  raise  water  (Hily  about  three 

[feet,  but  where  the  elevation  is  greater,  they  have   been  mov.'d   t>y  the 

Ftl»nds.  by  means  of  ropes  and  a  double  lever,  as  in  the  next  figure  ;  the  open 

ends  being  attached  by  pins  to  the  edge  of  the  reservoir.      In  tbi*  manner 

water  may  be  raised  6ve  or  six  feet  at  a  single  lift,  according  to  the  length 

of  the  gutter. 

Contrivances  of  the-  kind  were  formerly  used  in  Europe;  and,  as  in  the 

avtern   world,  series  of  them  were  sometimes  employed    to  raise   wa- 

er  to  gieat  elevations,  to  the  top  of  buildings,  ikc.     They  are  figured 

Hid  described  in  Serviere's  collcciion.     A  numiier  of  cisterns  are  placed  at 

Icqual  distance  above  e.uh  other  from  the  ground   to  the  roof.      \n  these, 

eutters  are  arranged  as  in  the  figure  ;  the  lowermost  rai«es  water  into  the 

Brst,  into  which  others  dip  and  cnnvey  it  to  the  next  one,  and  so  to  the 

highest.      In  some,  the  gutters  are  worked  by  a  combiniitinn  of  U-vers;  in 

iotllers.  by  ropes  passing  over  pulleys  at  the  hiirhest  piirt  of  the  building  and 

Luoiled  to  a  crank   ihnt  is  attiiched  to  a  waier  wheel  or  oitier  tirsl  mover. 


•  Breton's  China,  VoL  U,  89  and  Vol.  iv,  27. 


Pendulum  Mackint,  [B>iok  L 

Viiriiiiis  Tonns  of  the  gutters  are  figured,  (the  heads  of  «omc  like  large 
bowls,)  as  wtll  us  mudcs  of  working  tliem.     Sec  figiiru  No.  i\'^. 


NO.S.    Cumbin..: 

There  is  another  inodifiaition  of  the  jnntu,  by  which  water  mav  be 
raiseii  t<>  greiit  eleviitioiis.  A  mtiiilHTof  gitters,  open  at  VmiiH  ends,  are 
]iertiianciitlv  i-oniu'ctcd  to,  and  over  each  other,  in  n  zigzag  direction,  so 
that  while  one  cn^l  of  the  lowest  dips  in  the  water,  ils  other  end  inclines 
upwards  at  an  aiiglu  jiniportionud  to  the  length  of  Uk-  giitt>-r  and  the 
nioti<in  to  h''  jiiveii  to  it,  and  is  uiiiteil  t<i  the  lower  end  of  the  ntxt  one, 
which  also  inclines  upw:inl>,  lint  in  an  oppisite  direrlion,  and  Is  united  to 
the  next,  and  so  on,  the  lenj;th  of  eaeh  diminishing  us  it  approaufaes  the 
top,  as  in  Llic  following  lignrc. 


Swihiftn^  GuU«ni. 


In  the  bottom  of    each,  an  opening  is  made  and  covered  by  a  flap  or 
valre  to  prevent  the  water,  when  once  past  through,  from  rctu'oing.    All 
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be  giittiTs  are  secured  to  a  frnme  of  wixxl  which  is  siispcivled  on  a  pin 
(.■ciiioj  lu  a  be.uii,  su  thill  by  pulling  thu  cordis  alteniuU'ly  the  whole  inh) 
iiindt'  In  (x^i'-'ljate  like  a  peniliiluin.  Thus,  when  [lulied  to  one  !>i'J<>. 
me  <'f  the  lowest  guttc-i  dips  into  w;it«r,  and  scoops  up  ft  portion  of  il 
f*oil;t:»te  which  th\;  end  it  •  jrved  ;  Hiid  as  it  rises,  the  liquid  runs  along 
ihf  failJier  end,  and  pawning  'Jhroiigh  the  valve  is  retained  till  thu  mo 
Son  is  reversed,  when  it  llows  .1  -wn  to  the  next  gutter,  and  passing  through 
ralv^  is  a^iain  continued  in  Uw  sainf  inairier  to  the  next;  entering  at 
rery  o*ci!liifinn  the  gutter  above,  till  it  ri-aches  the  highest ;  and  from 
rhich  it  is  diiclwrged  into  a  reservoir,  ovlt  which  the  last  one  is  made  to 
Broject,  A  double  set  of  gutters,  as  shown  in  the  figure,  w:is  sometimes 
ttjichtd  to  the  »anie  frame,  so  that  a  continuous  stream  could  be  discharg- 
into  the  reservoir.  JIachines  like  the  above  are  more  ingenious  th.in 
Rseful.  They  do  not  appear  to  have  ever  been  extensively  used,  although 
bey  are  to  be  found  in  the  works  of  several  old  writers  on  hydraulics. 
Tie  one  represented  by  the  figure  is  described  by  Belidor  as  the  inven- 
Son  of  M.  Morel,  who  raised  water  by  it  IS  or  HI  feet.  Similar  machines 
I  known  in  the  preceding  century.  A  pendulum  for  raising  water  is 
ibod  at  page  1)5,  of  the  first  volume  of  m.'iehincs  approved  by  the 
french  Aondemy,  and  at  page  203,  is  a  "  hydraulic  machine"  by  A.  De 
Viurdeinoy,  similar  to  the  one  we  have  copied  ;  except  that  square  lubes 
»er*  lised  instead  of  open  gutters;  ihey  were  also  of  eipial  length,  and 
kttachtv]  to  a  rectangular  frame,  but  were  suspended  and  worked  in  the 
'  iMie  manner  as  No.  33. 

A  diirerfint  m'»de  of  working  these  machines  was  devised  by  an  Eng- 
lish engineer.  In^^lead  of  suspending  the  frame  like  a  pendulum,  lie 
pioiie  the  lower  part  tenrinato  in  rockers  like  those  of  a  cradle  ;  these 
sting  on  a  smooth  horizontal  plane,  a  slight  impulse  put  the  whole  in 
aotioii.  The  lowest  gutters  at  each  oscillation  dipj)pd  iutu  the  water,  and 
liaud  a  portion,  as  in  the  preceding  figure. 


Na  34.    Dutch  Scoop. 

Cmong  other  .«iimp]o  devices,  is  thu  Dutch  scoop,  frequontly  used  by 
that  people  in  raising  water  over  low  dykes, 


It  is  a  kind  of  box-i-hovcl 


The 


hrapt. 
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su'pciidod  by  cords  from  a  triangular  fratne.,  and  worked  as  represented 
in  the  fijinre.  By  a  ■swcyping  ninvenient,  an  expert  laborer  Mill  throw 
'.ip  at  each  stroke,  a  quantity  of  water  equal  ti>  the  capacity  of  the  skuveJ, 
although  from  its  f  >ren,  such  a  quantity  could  not  be  retained  in  it, 

The  Flash  Wheel,  is  another  contrivance  to  niisn  large  quaiitit'.es  of  «•*• 
ter  over  moderate  heights,  l)eiMg  extensively  used  in  draining  wet  landt, 
particularly  the  fens  of  England.  It  is  made  just  like  the  wheel  of  a  steam- 
boat, and  when  put  in  ra(iid  moiiun,  geiiernlly  by  a  windmill,  it  pushes 
the  water  uji  an  ineliiieil  shiite,  which  is  so  curvi-d,  that  the  paddles  ina^- 
sweep  close  to  it  and  consiqik'ntly  drive  the  liquid  before  them.  The 
'  back  water'  thrown  up  by  tlie  paddle  wheels  of  steam  vessels  is  raised 
'1  a  somewhat  similar  manner. 


CHAPTER    XIII. 

Till  9w*PK  ;  l^tMMt  In  mwdom  ami  Hnclrtit  Kirrpl — Rpprfsimlisl  In  ■cnlpturosMThebM— All'idw!  to 
by  lltTirtlottiitiuiiI  .Morct'lliiii — Di'wrib''d  liy  I'llny — I'lcoinhoflii'tin;  afltllliy  ollhc  lIlutlouK  in  working 
11.  Chlnew  Swnpe— Siinlliir  Ui  Iho  macKtn^t  employod  In  pniclf fg  Ibo  pyramids — The  Swftpo.  »een  In 
PanidlM*  hy  Mnhoittd — t-'lifiin-oriine  near  Ihe  city  of  MiucncAta—AnKlo  Saxon  Hwaps — FormiTly  umaA 
III  Kni^llAtiuinniirnrtiirirs—FiKiiresrromlhcNurcinliiinrhChiMnicIe.Ntuuftiur'BCiisinui^plij.aiidB*-*- 
f4inVTIii>alrt^  di'n  tintlnimftis.  Tlie8WH|ircoc::nun  IriN^trthaiid  ^iith  AnK-rica— KxamplKtofitji  uae 
In  watertnif^nU'TiH— Fltfiiri'vur  It,  tliv  oldest  rppr(MN!ntatloUB''rnny  liyilraiitir;  mat^hln^ — M<*cliiiniuil 
»fiiH;ulAllon9oriCccli«liutlcA:  WitklnVpriiJiscts  tor  aerial  navlcitlon^MiH^liniilcal  and  thcolitmcnlpur^ 
ftutta  cumhlnml  In  llio  middle  ai;ufl— ttorburl— Diinstnn— Rishups  famouii  aa  Custlu  orfbllect* — 
Andmldi-*— UiKidouf^raoe — Shrine  ufBeckol — Spoaklnglmagea — Cliemlcaldeoflptloni — llluiuitiaied 
miuiiiacripla. 

Op  machines  for  i,iisiiig  wnior,  the  S'eape  has  been  more  extensively 
used  in  all  ages,  and  by  all  nations,  thjin  any  other.  Like  most  im- 
plements for  the  same  purpose,  its  application  is  confined  within  certain 
limits;  but  these  are  such  as  t<j  render  it  of  genecal  utility.  Tlie  m6nttt] 
or  swinging  ba'^ket-,  and  the  jantn,  raise  the  liqiiiJ  rn>in  two  to  three 
feet  only  at  a  lift,  while  the  swupe  elevates  it  from  five  to  fifteen,  and  in 
some  cases  still  higher.  It  is  not,  however,  well  adiiptid  for  greater  elevn- 
tions ;  a  ciicumstanco  which  accounts  for  its  not  having  lieen  much  used 
in  the  welt*  of  ancient  cities — their  de[>lh  rendered  it  inapjilieable,  as  the 
getierality  of  ours  do  at  this  day.  In  Kgypt,  this  machine  is  named  the 
S/ukI'xi/,  and  ill  no  country  has  it  been  more  exletisively  employed.  In 
modern  days,  more  persons  are  there  engaged  in  rasiij;j  water  b}-  it  and 
the  mental,  thin  are  t<i  be  found  in  any  other  class  nf  Egyptian  labourers. 
Th^y  raise  the  liquid  at  each  lift  ahout  seven  feet,  and  where  it  is  re- 
quired higher,  .series  of  swapcs  are  placed  at  [irojier  distances  above 
each  other,  in  a  similar  manner  as  the  Iliiido<is  arrange  the  jantii,  aiid 
as  shown  in  the  figure,  (No.  35.)  The  lowermost  lalKnirer  emjities  his 
vessel  into  a  cavity  or  basin  formed  in  the  r<jck,  or  in  stiil  rendered  imper- 
viou-  to  water,  three  or  four  feet  above  him,  and  into  which  the  next  one 
plunges  his  bucket,  who  raises  it  into  another,  and  so  on  till  it  reaches  the 
required  elevation.  M.  Jomaid,*  says  it  is  not  unconimon  to  see  from 
tliirty  to  fifly  shadoofs  at  one  place,  raising  water  one  above  another.  At 
Esne,  he  saw  twenty-seven  Arabs  on  one  tier  of  »tagc<,  working  fourteen 


•  Grnnde  Ociuriptiua  BL  M.  Tom.  iL     MalUtli^^  Part  i,  p.  780. 
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J  double  swfipi-s,  1.  c.  two  on  each  frame,  tho  bucket  cif  one  deswn'lin^  a^ 
Lliie  otlitT  rises.  IVy  were  relieved  evury  hour,  so  that  lil"l_\  -f(jiir  men  were 
itvijutrcd  to  keep  tbe  iiiachine*  consliiiilly  in  motion.  The  overseer  <ir 
|tM«it-iiiusier  Miei-ure.i  tlif  time  by  the  sun,  anJ  sometimes  by  a  simple 
•pydra  or  water-clock. 


Ho.  Kl    Modern  F,g;ptiia*  using  tbe  SwtpA, 

It  I*  it.iposs!blc  to  p;tss  np  the  Nile  in  certtiir.  states  of  the  river,  without 
ibein^  .»urpri-^xl  at  the  n.y  riads  of  these  levers,  and  at  their  nnceiislng  move 
fluent?  ;  (or  by  relays  of  men,  they  are  often  worked  wilhout  inlerniission, 
I  ix'ih  tii{;hl  and  day.  In  Upper  Egypt  especially,  where  from  the  elevation 
kc(  trie  banks  tli^v  are  more  necessary,  and  of  ooiir^e  more  niimerons,  the 
(•(K-clacle  is  anirt.atiiig  in  a  hisjh  degree,  and  enniiol  but  ree4ill  to  refteeling 
ipiinils  similar  scenes  in  tlie  very  same  plaeea  in  past  ages,  when  tlie  popu-. 
lation  was  preatly  more  dense  than  at  present,  and  the  c<iuntry  furnished 
lin  for  surronndin);  nations.  In  some  parts,  the  banks  appear  alive  with 
linen  raising  water  by  swapcs  and  the  effect  is  rendered  still  more  impress- 
ive liy  the  8iini-s  ;ind  measured  chantings  of  the  laborers,  and  the  incessant 
Jiroans  and  crcaklngs  of  the  machines  themselves.  To  the  aneieut  custoia 
[of  niivgiug  trhile  ruisiiiff  water,  there  is  an  evident  alinsion  in  Naiah,  xii,  3. 
~berefore  wilO  joy  bhall  ye  draw  water  out  of  the  wells  of  Salvation. 

The  Arabs  have  a  tradition 
that  the  shadoof  was  used  in 
the  times  of  the  I'har.inhs.  and 
a  proiif  that  such  was  I  he  fact, 
has  recently  been  fnrnished  by- 
Mr.  Wilkinson,  (Vol.  ii,  5,)  who 
found  the  remains  of  one  in  an 
ancient  tomb  at  Thebes  ;  in  ad- 
dition to  which  they  are  repre- 
sented in  sculpiHies  which  date 
from  1532  to  K-j.^O  B.  C.  a  peri- 
od extending  beyond  the  lExo- 
dus.  No.  3().  represents  it  tis 
.used  at  that  remote  period  foi 
the  irrigation  of  land. 
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Il  appi'ars  to  hnve  furmed  om-  of  n  serios,  di-sigtied  to  rni-e  water  over 
the  I'icvatiiiu  fi-ebly  portrayed  in  Iho  hack  groutiil,  in  pncscly  the  snma 
way  thill  is  nnw  foinnum  in  Egypt  nnd  in  the  east.,  and  as  shown  in  N".  35. 
Toe  retniuk  of  a  travi-Ur  lh;'t  :i  Chinese  seemed  to  hbn  "an  jinfeliiuvian 
renewed,"  might  with  equal  propriety,  be  applied  to  a  iiiodern  Arab 
raising  wat^r  by  this  iiiiplemeut  fioin  the  Nile;  and  the  figure.  No.  36, 
might  be  taken  n-i  a  probalily  correct  reprcsi-iitation  of  an  anttdiluviiin 
laborer  engaged  in  the  same  employment.  On  comparing  the  last  two 
cuts,  the  former  having  been  ski-tched  by  Jfr.  Wilkinson,  from  life,  but 
three  years  ago;  nnd  the  latter  copied  from  sculptures  that  have  beea 
executed  npwar.Ls  of  three  thousand  yoars,  we  see  at  once,  that  the  swape 
has  midt'rgone  as  little  change  in  Egypt  since  the  times  of  the  Pharaohs, 
as  the  a'sliimc,  if  such  it  m.iy  be  called,  of  the  laborers  themselves  ;  in  other 
words  both  remain  thi'  siiine.  Tlie  diMCOvery  of  this  implement  among 
the  snilptnres  of  aiieieiit  Egypt  tends  to  c<jrix)borate  our  views  respecting 
the  antiquity  of  other  machim's  for  the  same  purpose,  and  which  like  it  are 
still  in  common  use  in  the  cast.  It  also  admonishes  us  not  to  reject  as  iin- 
[irohablo  or  fabulous,  current  oriental  traditions;  since  they  are,  as  in  iJie 
case  of  this  machine,  ofken,  if  not  gcneniily,  foinidcd  ir.  truth. 

Tlie  s«':ipe  seems  to  be  alluded  to  by  Ilerodolus,  vi,  lit),  ,is  used  in 
Persia  in  his  time.  He  observes  th.it  D.irius,  the  fiithcr  of  Xerxes,  sent 
some  captives  t<i  a  certain  distance  from  .Susu,  and  fiirty  furlongs  fn>m  a 
well,  the  contents  of  which  were  "drawn  up  with  au  en<];ine,  to  which  a 
kind  of  bucket  is  suspended,  made  of  half  a  skin  ;  it  is  then  poured  into 
one  cistern  and  afterwards  removed  into  a  sec<ind."  This  appears  to 
have  been  the  sha<Joof  'f  the  Egyptiuns,  as  figured  in  No.  35,  to  which 
there  is  probably  a  rcfi-renoe  also  in  Clio,  193,  where  ho  says  the  Assyri- 
ans irrigated  their  lands  from  the  Euphrates  "  by  mnniuil  tahnr  and  hy 
/it/Jmiilieeiu/inen.''  Aristotle  mentions  the  swape  as  in  comn.on  use  ani'  ng 
the  Greeks.*  Dr.  Clarke  says  some  of  the  wells  of  Greece  were  not 
deep,  and  pulleys  were  not  used,  only  buckets  with  ropes  of  twi:iled  herbs, 
and  sometimes  the  water  was  raised  by  a  '  huge  lever,  great  slonss  being 
a  counterpoise  to  the  other  end.'  A  circmnsumce  conu'.cted  with  the 
overthrow  of  the  Synicusians.  nnd  the  death  of  Archimedes,  in  which  the 
swape  is  reterro'l  to,  may  here  be  noticed.  When  the  IlomaM  vessels,  at 
the  siege  of  Syracuse  were  grappled  by  hooks  and  elevated  in  the  air, 
by  levers  that  projected  over  the  walls  of  the  city,  their  resemblance 
to  vessels  of  water  raised  by  the  swape,  was  so  strikinir,  th.-it  Marcellus 
was  wont  to  say, ''  Archimedes  used  his  shijis  to  dniw  witter  willi."^  This 
ren)ark  of  the  Roman  general  clearly  shows  that  the  swape  was  very  fa- 
miliar to  hin.  nnd  to  his  countrymen.  But  wu  are  not  left  to  circumstan- 
ces like  this  to  intVr  its  use  among  the  Homaiis.  Pliny  cxp/e«sly  men- 
t:<.us  it  among  the  machines  for  raising  water.  As  the  passage  is  highly 
interestinsr,  .ind  as  we  shall  have  occasion  to  reO'.r  to  it  hereufter,  it  ni!»y 
OS  well  ho  inserted  here.  Jt  is  in  the  fourth  Chapter  of  the  Niueteentli 
Book,  "On  G;irdens:"  "above  all  things  there  should  bo  water  at  com- 
mand, (if  possible  a  river  or  brook  runi.iiis;  through  it,  but  if  neither  cau 
be  obtaineil.)  then  ihcy  are  to  be  watesed  with  pit  water,  fed  with  springs; 
either  tlnnfit  it^i  by  plain  pi>les,  hooks,  and  buckets;  ar  forced  by  pumps 
and  such  like,  going  with  the  strength  of  wind  enclosed,  or  else  tveipfted 
up  with  Kiniprn  mill  cranes."     Holland's  Trans. 

The  Swape  is  extensively  used  over  all  Hindostan.  "The  peasants, 
morning  and  evening  draw  water  imt  of  wells  by  bulTaloes  or  oxen,  or 
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alte  bv  a  thwart  post,  poised  with  a  sutlicient  weiijlit  at  llic  pxtrcmity  IniJ 
oriT  nut;  fixed  in  the  ejirth ;  the  water  is  drawn  [>y  a  bucket  of  gout's 
«l»in."»  In  some  districts,  tlie  Hitidoos  have  a  mivlc  of  workinir  the 
t»wai>e.  which,  so  far  as  we  know,  is  peculiar  to  themselves.  In  I'atna 
U  IS  common,  and  the  machine  when  thus  propelled,  is  named  the  Picotah. 

"  Near  the  well  or  tank,  n  p>ece 
of  wood  is  fixed,  forked  at  th« 
top ;  in  this  fork  another  piece  of 
wood  is  fixed  to  form  a  swape, 
which  is  formed  by  a  peg,  and 
steps  cut  out  at  the  JKillom,  that 
the  person  who  works  the  ma- 
chine may  easily  ^et  up  "'id  down 
Commonly,  the  lower  puit  of  the 
swape  is  the  trunk  of  a  tree;  to 
the  upper  end  is  fixed  a  pide,  at 
the  end  of  which  hangs  a  leather 
hiifket.  A  man  gets  up  the  steps 
to  the  top  of  the  swape,  and  sup- 
ports himself  by  a  buinl)oo  screer. 
erected  l)y  the  siiles  of  the  ma- 
chine." He  plunges  the  bucket 
into  the  water,  and  draws  it  up  by 
liis  weight ;  while  another  person 
-'■inds  ready  to  empty  it.  !ii  thf 
i    I  ilume  of  plates  to  the    Paris  cili- 

^Sl^t^  •'""•  l'^'^'^-  "''  Soimenit's   Voyages. 
■  '  ■■■^  -r'^r^  the   machine   is   represented  rullie- 
""*■    different  from  tlie  above.     The  la 
NO.S7.   Picouh  of  Hindoiiu.  borer  alternately  steps  on   and  off 

the  svvnpe,  from  a  ladder  or  stage  of  bamboos  erected  on  one  side  of  it 
See  plate  23,  Sonnerat. 

T}ie  apparatus  and  mode  of  workinir  it.  is  more  fully  descrilied  in  the 
following  extract  from  '  Shoberl's  Hindostan  in  Miniature.'  "  By  the  side 
of  the  Well  a  forked  piece  of  wood,  or  even  a  stone,  eight  or  ten  feet 
high  is  fixed  upright.  In  the  fork,  is  fastened  by  means  of  a  peg,  a  beam 
three  times  as  long,  which  gradually  tapers,  and  is  furnished  with  steps 
Uko  those  of  a  ladder.  To  the  extremity  of  lliis  long  beam,  which  is  ca- 
pable of  moving  up  and  down,  is  attached  a  pole,  to  the  end  of  which  id 
rispended  a  large  leather  bucket.  The  othor  end  being  the  heaviest, 
when  the  machine  is  left  ti  Itself,  the  bucket  bangs  in  the  air  at  the  height 
uf  twenty  feel;  but  to  tnako  it  descend,  one  man,  and  sometimes  two, 
niotint  to  the  middle  of  the  Ijeam,  and  as  they  approach  the  bucket,  it 
links  to  tlie  bottom  of  the  well,  and  fills  itself  with  water.  The  men  then 
move  bjck  to  the  opposite  end,  the  bucket  is  raised,  and  another  man 
empties  it  into  a  liasin.  This  operation  is  performed  with  sucli  celerity 
ihal  the  water  twrer  ceases  running,  and  you  can  scared;/  see  tJie  man 
moving  along  his  beam  ;  yet  he  is  sometimes  at  the  height  of  twenty 
feet,  dt  others,  touching  the  grotind;  and  such  is  hia  confidence,  that  he 
Isugh<i,  sings,  smokes,  and  eats  in  this  apparently  ticklish  situation."  Vol. 
iv,  {».  2'2,  24.  This  mode  of  applying  human  effort,  was  early  adopted  in 
Itto  Working  of  pumps — a  piston  rod  being  attached  to  each  end  of  the 
V'hratine;  beam.     Dr.  Larduer,  has  inserted  a  figure  of  it  in  his  j^<opular 
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treatise  on  Fncumatics.  It  is  figured  in  most  of  the  old  authors,  and  wa« 
most  likely,  copied  from  the  Picotah,  and  other  oriental  machines,  which 
have  been  pmpelled  in  a  similar  manner  from  very  remote  times.  See 
Gresjory'a  Median.  Vol.  ii,  312.     Ed.  1815. 

I'lio  Swapc  is  one  of  the  ancient  and  modem  implenenta  of  China, 
Tvliere  it  is  used,  as  in  Egypt  and  India,  for  the  irrigation  of  land.  It  is 
fr«!(piently  ma<lc  to  turn  in  a  socket,  (or  the  nosst  itself  moves  round,)  in 
addiliiin  to  the  ordinary  vibratory  motion.  In  several  situations,  this  is  a 
decided  improvement,  as  the  vessel  of  water  when  raised  above  the  edge 
of  a  tank  or  river,  can,  if  desirable,  be  swung  round  to  any  part  of  the 
circle  which  it  describes.  Sir  (Jeorgo  Staunton,  has  given  a  figure  of  it, 
wliich  Mr.  Davis  has  copied  into  liis  popuW  v.'ork  on  tlie  Chinese.  When 
thus  constructed,  it  is  according  to  Goguet,  (Tom.  iii,  Origine  des  Loix.) 
identical  with  the  engines  mentioned  by  Herodotus,  B.  ii,  125,  as  cm- 
ployed  in  tlie  erection  of  th(!  Egyptian  pyramids;  these,  he  supposes  were 
pf>rtable  swapes,  or  levers  of  the  first  order,  with  a  rotary  mo\-ome«t  like 
those  of  the  Chinese.  A  number  of  these  being  placed  on  the  lowest 
tier  of  sIoiKJs  which  formed  the  basis  of  the  pyramids,  wore  used  to  raise 
those  which  form  the  second  tier;  after  which,  other  swapes  were  placed 
on  the  latter  aiul  materials  raised  by  them  for  the  third  range,  and  in  like 
manner  to  the  top.  This  was  the  procefs  which  Herudotus  says  waa 
adojHed.  M.  Goguet,  su])poses  that  two  swapes  were  employed  in 
raising  every  stone,  one  at  each  end,  and  that  the  levers  were  depressed 
by  a  number  of  men  laying  hold  of  sliort  ropes  attaclu'd  to  tliem  for  that 
purpose.  This  mode  a]tpears  to  accord  with  the  meagre  description  of  the 
marliines  used  in  the  erection  of  the  pyramids,  which  the  father  of  liistory 
has  given. 

It  has  already  been  observed,  that  tlie  engines  employed  by  Archimedes 
to  destroy  the  Roman  ships  in  the  harbor  of  Syracuse,  were  so  aiialagotis  to 
the  swape,  as  to  elicit  from  Mnrcellus,  an  observation  to  that  elfect.  In  fact, 
machines  similar  to  it,  were  used  Ijv  ancient  engineers  both  for  attacking  and 
defending  cities.  Vegetius,  says  they  were  used  to  raise  soldi  ;rs  to  tlie  tops 
of  walls,  &c.  In  the  oldest  translation  of  his  work,  (Krfl'urt,  1511,)  the<o 
is  a  figure  of  it,  which  is  identical  witlr  the  Chinese  swape,  and  will:  that 
which  ( roguet  suppo.ses  was  us«'j]  by  the  old  engineers  of  Egypt.  Bar- 
baro,  in  his  edition  of  Vitruvius.  also  figures  it.  In  RoUin's  'Arts  and 
Sciences  of  the  Ancients,'  are  several  examples  and  figures  of  it,  applied 
to  the  purposes  of  war ;  and  among  others  to  the  destruction  of  the  Ro- 
man ves.sels  before  Syracuse. 

A  story  in  tin;  '  Hegiat  al  Megiales'  shews  how  common  it  was  in  Arabia 
in  the  s<'venth  and  jireeeding  ceiituries.  Mahomet  in  one  of  his  visions 
of  paradise,  "saw  a  machine  much  used  in  the  Levant  for  drawi-.g 
water  out  of  wells,  called  by  the  Latins  Tollrns,  and  con.-.isting  of  a  long 
lever  fixt-d  on  a  post,  [i.(^the  swape.]  Enquiring  to  whom  it  belonged,  he 
was  told  it  was  Al>oiigehers,'(tlu!  bitterest  enemy  to  him  and  his  religion.) 
Surprised  al  this,  he  exclaimed,  '  what  has  Abougehel  to  do  with  paradise, 
he  is  never  to  enter  there  !'  Shortly  after,  he  understood  the  drift  of  the 
vision,  for  the  son  of  his  enemy  became  a  Mussulman,  upon  which  lie  ex- 
claimed '  Abougehel  was  the  sivapt;,  by  which  ttod  drew  up  his  son  froir. 
the  ("oltom  of  the  pit  of  infidelity.'  "  It  is  used  by  the  Japajiese  ;  and  as  fi- 
gured by  Montanus,  the  bucket  is  raised  by  pulling  down  the  ojiposite  end 
of  the  lever  by  means  of  coi-ds  attached  to  it. 

In  Fisher's  "  Constantino]>Ie.  and  the  Scenery  of  the  Seven  Churches  of 
.Asia."  Lon.  18.39,  is  a  beautiful  view  of  the  city  cf  Magnesia  near  Mount 
Sipylas,  in  .\sia  Minor',  a  city  founded  by  Tantalus,  whose  fabled  punish- 


Jlwp.  IS.] 


Anglo  Saxon  Steape. 


r 


^^ 


mciil  has  rendi-red  \i\%  name  notorious.     In  the  foregniund  is   represented 
ibo  following  figure  of  the  swupe,  a  macliiiie  wliich  tlie  writer  observes, 

"  forms  a  conspicuous  olyect 
in  errf^i/  Itimhiapr  in  tljc  eiist. 
One  is  «i'cn  i-roclod  in  rrery 
garden,  and  as  irriijnlion  if 
constantly  r«-'(|iiir(;d  in  bj: 
arid  soil,  il  is  always  in  mo- 
tion, and  iljs  dull  and  dniwsy 
creaking  is  tht!  sound  incos- 
^  santly  lieardbv  all  travclorg." 

f'  But         '  /  y.  In  '''is   figure  wc   behok' 

PJ/.l   ',    f  y       \  ^1  not  merely  a  sketch  of  mo- 

Jh*^    U   U      /  ''   1  y      't''] --1       dern    Asiatic    manners;  but 

■■.f\  •   '"''~       ''  '        t-"V''   '-     —     one,  whicli   as   reg'ards  rais- 

ing of  wafer;  the  inachino 
by  which  it  is  efli-cted  { 
afiinials  around  it;  costume 
of  the  individuals  ;  and  por- 
tniituro  of  rural  life, — has 
remained  unchartred  from 
times  that  reafii  back  to  the 
I  ./Tjr  "  "  \Ja^ '<^^  "^"^^  JSmikT^'-  i"f'"'cy  of  oi:r  race,  and  of 
1        ;^^  .    .  j*^^a^feW^^^  ^.fj\'"    which  history  has  preserved 

^^     '^^^^^^^HJBfcl^l^^-iHfe^  [^'"'  '^''  interesting  cm, 

^^B  ^^^■^'^^^'^"w  w**!5^  and  for  No.  3i>  also.  I  .im  iii- 

^^T  No.  38.   Swipe  lo  Ailt  snoor.  di'bled  to  inv  friend  \ViI,l.(.\M 

I  EvKKiiKi.i..    Es(|.    who,    be- 

culoa  other  contributions  to   this  work,  undertook  llie  task,  to  him  a  novel 

one.  of  cngpTiving  them,] 

Tl»c  sw»pe  ha*  probably  been  in  continual   n>ie  in  Great  Britain,  from 

tlw   peri<»d  of  its  subjupation   by  the  Romans,  if  not  before.     It   is  ther« 

known  under  the  variuus  names  of  '  Swapr'  '  Sirrrp,'  and  in  old  authors, 

•  Sirij>e.'      A  figure  of  it,  as  used  by  the 

Anglo-Saxons,   is    here   inserted,    from ' 

Vol    i,   of    the    '  Pictorial    History   of 

Eneland,'  copied  from  an  ancient  ma- 
nuscript in  tlie    British   .Museum.      Tbe 

costume   of  the    female,   her    masculine 

figure,  the   shintflcd    well,  anil    lonn   of 

the  viisc   or  jiitcher,  are  interesting,  as 

indirotivc  of  manners  and  customs,  &c. 

of  former  ages.     The  arm  of  the  lever  to 

which  the  bucket  is  suspended,  appears 

extn;iue]y  short,  but  this   is  to   lie   attri- 

buti>d    tn    its    defective    representation. 

The  following  summary  of  ancient  Urit- 

l»h  devices  is  from  Fosbroke's  Eiicyclo- 

pf?dia    of    Atilii|uities,        "  The   Anglo- 

Snxons  had  a  wheel  for  drawing  water 

(fom  welts.     They   Were  common   annexations  to  houses.     Rings   were 

fixed  to  the  chains  of  wells.  We  find  a  beam  on  a  pivot,  with  a 
ireigh:  at  one  end  for  niising  water.  Wheels  and  coverings.  A  lever, 
tfie   fulcrum  of   which    was    a    kind  of    ijullows    over    the   well.      Two 
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burkrrs  one  at  each  end  of  a  chain  adapted  to  a  versatile  engine  colled 
volgolus.  Buckets  w-itli  iron  hoops,  and  drawing  water  from  deep  well* 
as  a  punishment."  The  swape  appears  to  have  been  the  principal  ma- 
chine in  England  for  raising  water  till  ouite  recent  times.  In  the  17t} 
century  it  was  used  in  vutnufactork*,  and  is  not  yet,  perhaps,  wholly  sa 
persedcd  by  the  pump.  B'.»hop  Vv'ilkins,  in  speaking  of  the  lever  and  its 
application  by  Archimedes  in  destroying  the  Roman  fleet,  says,  "  it  wag  o' 
llie  same  form  witli  tliat  which  is  commonly  used  by  brewert  and  Hymi  fnt 
the  drawing;  of  water.  It  consists  of  two  posts,  the  one  fastened  perpen- 
dicularly in  the  ground,  the  other  being  jointed  on  cross  to  the  top  of  it." 
Mathemat  Magic.  B.  i,  Ch»[)s.  4  and  13.  This  was  published  in  1638.  In 
1736,  Mr.  Ainsworlh  published  his  ccKibrntcd  Latin  Dictionary,  and  un- 
der the  Word  Rachdmus,  '  a  truckle  or  pulley  used  in  drawir  g  ,ip  water;' 
he  adds,  "  perliaps  not  unlike  the  sweep  our  hreicers  vsc :"  hence  at  thai 
time,  11  continued  to  be  used  for  raising  water  and  transferrinsj  liquids  in 
English  breweries  and  similar  establishments,  as  remarked  by  Wilkins  one 
hundred  years  before. 

,^  In    Germany    it   was   frequently, 

and  still  is,  a  prominent  object  in 
country  towns  and  villages,  as  well 
as  in  farm  yards.  In  the  former  it 
was  frequently  erected  on,  or  at  the 
end  of  bridges  for  tlio  purjKise  of 
raising  water  from  rivers  and  bn«)ks. 
In  the  famous  Nuremburgh  Chronicle 
it  is  frequently  figured.  From  a  \-a- 
riety  of  different  forms,  we  have 
selected  No.  40,  as  a  specimen. 

In  the  Cosmography  of  Sebastian 
Munster,  lii50,  it  is  represented  at 
page  729,  as  employed  for  raising 
water  to  supply,  by  means  of  [lipes,  a  neighboring  town.  Agricola,  in 
his  Dc  Re  Aletallica,  has  also  figured  it,    pp.  443  and  45S. 


No.  40.     8wap«.     From  the  Nurpmtrurjh 
Clirosiclr!.    A.  D.    1493. 


Svapo  from  S.  Muiutflr*!  Ctmzoiruphy* 

The  Swape  was  very  common  in  France  and  the  neighboring  natiom 
on  the  Europenn  continent,  in  the  last  and  preceding  centuries.  It  if 
named  bascule  in  France.      The  old  Dirtionnaire  de  Trevovx,  says  : 

Les  Vjascules  Ics  filns  simple,  .«ojit  celles  (jtii  no  consistent  <]u'en  nm 
piece  de  bois  soutenue  li'uiic  iuitre  par  le  milieu  ou  autremerit,  comma 
d'un  essieu,  pour  ^t'*  plus  au    nioins  en  equilibre.     Lorsqu'on   pcse  KU 
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<in  dc»  bouts  I'autre  hansse.     Ces  sortes  de  bascules  soiit  les   plus  com 
inuuct;  on  s'eu  sen  pour  t'lever  dcs  eaiix.     The  last  sentence  is  IwlieveJ 

Eurij{>o   at  the  present  time,   periiaj>N 


10  be  applicable  to  every   part  of 
ratia.lv  £0  aa  at  anv  foriner  period. 


We  subjoin  a  description  of  ono 
proposed  by  James  Besson,  a  French 
niechanician,  270  years  uijo,  by 
which  two  biickets,  one  at  each  rnJ, 
may  bo  used.  As  the  vibrnliim  of 
the  beam  is  ingeniously  etf'eciej  by 
a  continuous  rotary  movement,  a 
figure  of  it  will  l>e  acceptable  to  the 
intelligent  meonanic. 

The  lever  is  suspended  at  the 
centre  of  its  length,  on  a  pin  which 
passes  through  the  lower  jiart  of  tiie 
perpendicular  post,  the  upper  eml 
of  which  is  firndy  secured  to  the 
frame  and  cross  piece.  A  perpen- 
dicular shaft  is  placed  immediately 
under  the  lower  end  of  the  post  and 
in  tlie  same  vertical  line  with  it.  The 
upper  jounial  of  the  shaft:  enters  and 
N&A  amy*  ftom  Bona.  US8.  turns  in  the   end  of  the  post,  while 

its  lower  one  is  rece-ived  into  a  cavity 
in  the  block  upon  which  it  rests.  This  shaft  forms  the  axis  of  nn  uivertcd 
lone  of  frame-work — a  section  of  which,  resembling  .on  hyperbolic  curve, 
acts  Hs  it  revolves  on  the  under  side  of  the  swape,  and  imparts  to  it  the 
retjuired  movement.  To  lessen  ibe  friction,  two  long  rollers  are  fixed  to 
its  under  side,  and  upon  these  only  does  the  curved  edge  of  the  cone  act. 
The  shaft  may  of  course  be  turned  by  any  motive  power.  In  the  figure, 
a  horizontal  water  wheel  is  attached  to  the  shaft,  with  obliijue  paddles 
which  receive  the  impulse  of  tlie  stream  in  which  they  are  placed.  This 
Bvicc  may  scitc  as  an  example  of  mechanical  tact  and  resource  in  the 
rly  part  of  the  16th  century,  when  practical  mechanics  began  to  be  cul 
Ovated  as  a  science. 

The  swape  is  commonly  used  by  the  farmers  on  this  continent,  m  tbo 
vicinity  of  whcse  dwcllii)g.<  it  may  be  seen,  more  or  less,  from  the  St. 
Lawrence  to  the  .M)saissii-.|>i  In  some  of  the  stales,  it  still  bears  the  old 
English  name  'if  the  'swei'|)'  as  in  Virginia — in  others  it  is  named  the 
'balance  pole.'  It  prevails  m  Mexico,  Central  America,  Peru,  Chili,  and 
li-nerally  throughout.thf  southern  continent.  There  is  some  uncertainty 
respecting  its  having  been  known  here  before  the  arrival  of  Europeans  in 
the  16th  century.  See  remarks  on  Ancient  American  Machines  in  the 
last  chapter  of  this  book. 

Tlie  swape  appears  to  have  been  used  in  all  times,  for  watering  ^arJ-mj 
in  the  eaut,  as  already  observed  of  Asia  Minor,  it  is  there  seen  erected  in 
almost  every  one.  No.  43  represents  it  employed  in  the  gardens  of 
Es^'pl  during  the  sojourn  of  the  Israelites  in  that  country.  The  tree  and 
plant  are  uniform  hieroglyphical  representations  of  gardens. 

Tlie  lalnjurer  discharges  the  contents  of  his  bucket  into  a  wood- 
en trough  o^  gutter,  by  which  the  water  is  conveyed  to  the  plants ; 
B  mode  still  followed  through  all  the  east.  To  this  application  of  the 
iWatK'  there  is  probably  a  reference  in  the  prediction  of  Balaam,  deliver 
eti  one  hiintlred  years  upr^  these  figures  were  sculptured,  '  he  shall  pour 
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«'a»cr  out  of  his  Vmckets.  and  liis  send  slmH  be  in  many  waters,  (Numb, 
txiv,  7,}  an  intimation  tliat  tlie  Israelite*  sliould  possess  a  country,  where 
lliis  great  desideratum  s)iould  be  in  coniparutive  abundance,  a  land  "  wa- 
tered as  a  garden  of  herbs."  The  figure  may  serve  also  to  illustrate  ihe 
*  gutters  and  watering  Irnnglis'  in  which  Jacob  watered  the  flocks  of  La- 
ban,  his  father  in  law.     CJen.  xxx,  38. 


No.  43.    Kjryptian  Shoiloof  empluycO  in  wateru);  a  gunli'ii.    15j(t,  il.  C. 

The  luxuriance!  of  vegetation  in  an  eastern  garden,  (when  properly  water- 
ed,) the  richness  of  its  scenery,  the  beanty  of  its  foliage  and  riowers,  form 
one  of  the  most  enchanling  prospects  in  tiatnre  ;  hence  it  became  the  most 
favorite,  as  it  was  the  most  natural,  metaphor  ol'  human  felicity.  When 
the  prophets  promised  prosperity,  it  was  in  such  language  as  the  followiiiff: 
'•  Thou  shidt  l)e  like  a  watered  garden,  and  like  a  spring  of  water  whose 
waters  fail  not,"  and  "  their  soul  shall  be  as  a  watered  garden."  On  the 
contrary,  when  the  wicked  were  denomiced,  "ye  shall  be  as  an  oak 
wl;o.<e  leaf  fadcth,  an<l  as  a  garden  that  hath  no  water."  The  same  mr- 
ta^ihor  is  a  frefpii-nt  one  in  ancient  poets,  and  in  most  instances  the  use  of 
t':e  swnpe  is  im])lied.     Tims  Homer : 

.As  when  !intiniin;il  Biiri^iiK  sweeps  llin  »ky. 
And  in-iliuit  blows  llie  uxiUrat  gardens  dry. 
A-nd  Ovid  : 

As  in  a  tealered  gardtn's  blooming  walk     Mt.  x,  377. 

Pliny  mentions  it  expressly  for  the  samo  purpose,  and  to  it  Juvenal 
seems  to  allude  in  his  third  satire : 

There  rruin  the  shilloui  well  your  baud  shall  poor 
The  rtreuiii  it  loves  cm  every  opening  ilower.  ' 

This  use  of  the  swa[)e  is  not  now  confined  to  the  gardens  of  fallen  Asia, 
Egy.pt  and  Greece,  but  it  is  einployetl  by  the  most  enlightP)ied  nations ; 
and  in  London  and  in  Paris,  as  in  Athens  and  Alexandria,  Memphis  and 
Thebes,  this  primitive  in)plenient  has  not  been  superseded.  In  Breton's 
China,  Lon.  183 1,  the  Chinese  swape  is  described  ;  ami  the  author  ob- 
serves, "  it  is  similar  to  those  which  are  seen  in  the  market  s;iirilen.i  round 
TjohiIuii  :"  and  in  a  more  recent  work,  '  Scripture  illustrated  from  Egypt- 
ian Anti(piiti(?s,'  the  author  sf)eaking  of  the  Egyptian  swape,  says,  it  is  the 
same  as  used  in  the  gurdrnx  iif  Brcnljord. 

Of  the  swaj>e,  it  may  be  remarked,  that  the  most  ancient  portraiture 
extant,  of  any  hydraulic  machine,  is  a  sculptured  representation  of  it.  be- 
tween three  and  four  thousand  yearsold,  andevcnat   tliat  remote  oenod 
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It  was  in  all  probability  a  very  old  affair,  and  in  common  use.  These 
sculptures  moreover  prove,  that  it  has  remained  in  Egypt  uiialtcrod  in  ita 
form,  dimensions,  mode  and  material  of  its  construction  and  methods  a|'u^> 
ing  it,  during  at  least  thirtv-four  centuries  !  and  this,  notwithslanditig  the 
political  convulsions  to  which  that  country  has  ever  been  sul>jcct,  since  its 
comjucst  by  Cambyses ;  its  inhabitants  liaving  l»een  successively  under 
the  Persian,  Grecian,  Roman,  Saracenic,  and  Turkish  yoke,  thus  literally 
fulHIIing  a  prophecy  of  Ezekicl,  that,  "  there  sliall  be  no  longer  a  prince 
of  tlie  land  of  Egypt," — a  desc(;ndant  of  its  ancient  kings  ;  yet  through 
all  these  mighty  revolutions  that  have  swept  over  it  like  tlie  fatal  .Simoon, 
and  ilestroyed  every  vital  j>rinciple  of  its  ancient  grandeur,  this  sim]>lo 
machine  has  past  through  them  all  unchanged,  and  is  still  ajiplic^d  by  the 
inhabitants  to  the  same  purposes,  and  in  precisely  the  same  way,  for  whicli 
it  was  used  by  their  more  enlightened  progenitors. 

AVe  have  seen  it  used  by  the  Greeks  and  Romans,  and  we  find  it  still 
In  the  possession  of  their  descendants,  wiiorever  they  dwell,  as  w'ell  as 
among  those  of  more  ancient  people,  the  Huidoos.  Arabs,  and  Chinese. 
And  although  we  may  be  unable  to  keep  it  constantly  in  view  in  Europe, 
i.i  those  ases  which  immediately  followed  the  fall  of  the  liomnn  power, 
when  tlie  ferocious  tyranny  of  the  Saracens  established  a  des])otisiii  over 
the  mind  as  well  as  the  body ;  and  by  the  characteristic  zeal  of  Omar, 
entailed  ignorance -on  the  future,  by  consuming  the  very  sources  of  know- 
ledge under  the  baths  of  Alexandria  ;  yot,  when  in  the  15th  century,  the 
human  intellect  began  to  shake  olF  the  lethargy,  which  during  the  long 
night  of  the  dark  ages  hat!  paralyzed  its  energies,  and  prinfh/g  was  intro- 
duced— that  mighty  art  which  is  ordained  to  sway  the  destinies  of  our 
rare  forever — among  the  carlirH  of  printed  books,  with  illustrations,  this 
interesting  implement  may  be  found  portrayed  in  rigne/icn,  in  vieic-i  of 
cities,  a.ni  i;f  rural  life ;  tangible  proofs  of  its  universal  use  throughout 
Europe  at  that  time,  as  well  as  during  tlie  preceding  ages. 


Having  referred  in  this  and  in  a  preceding  chapter,  to  the  '  Mathematical 
Magic'  of  Wilkins,  we  subjoin  some  remarks  on  the  mechanical  specula- 
tions of  that  and  other  old  church  dignitaries.  [These  remarks  were  at 
first  designed  for  a  note,  but  have  been  too  far  extended  to  lie  inserted  as 
Diie.j  The  former  was  certainly  one  of  the  most  ingenious  and  imaginative  of 
mectiar.ics  that  ever  was  made  a  bishop  of,  and  not  a  few  have  worn  the 
mitre.  '  The  Riglit  Reverend  Father  in  God,  John,  I^ord  B.sliop  of 
Chester,'  (like  friars  Bacon  and  Buiigey,  the  Jesuit  Kircher,  the  Abbe 
.Mical,  and  a  host  of  cithers,)  excelled  equally  in  mechanical  and  theologi- 
cal science ;  and  at  one  period  of  his  researches  in  the  former,  seemed 
almost  in  danger  of  rendering  Aie  latter  superfl"  lus :  viz.  'y  developing 
a  plan  of  conveying  men  to  other  worlds  by  machinery !  See  his  Tract  on 
on  the  'Discovery  of  a  New  World  in  the  Moon,  and  the  possibility  of 
a  passage  thither."  Lon.  1638.  After  removing  with  a  facility  truly  de- 
lightful, those  objections  to  such  a  '  passage'  as  arise  from  the  'extreme 
coldness  and  thinness  of  the  etherial  air,'  '  the  natural  heaviness  of  a  man's 
Itody,' and  '  the  vast  distance  of  that  place  from  us,'  and  the  conseciuent 
necessity  of  rest  and  provisions  during  so  long  a  journey,  there  being,  as 
he  observes,  '  no  inns  to  entertain  passengers,  nor  any  castles  in  the  air  tc 
receive  poor  pilgrims' — he  proposes  three  modes  of  accotnplisli'.ng  the 
object.  1.  By  the  application  of  wings  to  the  body  ;  'as  angels  are  pic- 
tured, as  Mercury  and  Daedalus  are  feigned,  and  as  has  lieeii  attempted 
Ov  divers,  particularly  by  a  Turk  in  Constantinople,  as  Busbeijuius  ro- 
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latfjs.  2.  Ev  Dveans  of  hinlx,  for  ns  h..'  (jimiiitly  says,  "If  llierc  be  such 
?i  prettt  ruck  in  Madatroscar,  as  Marcus  Po4us  (lie  \\iictt(in  mentions,  the 
featJiers  in  wliose  wings  are  twelve  feet  long,  wliicli  can  scoop  up  a  horse 
and  hia  rider,  or  an  elephant,  as  our  kites  do  a  mouse  ;  why  then,  'tii 
but  teaching  one  of  these  to  carry  a  man,  njid  he  may  ride  up  thither,  as 
Ganymede  did,  upcm  an  eB<rle."  3.  Or,  "if  neither  of  these  ways  wilt 
serve,  yet  I  do  scriiivslji,  and  M^iort  gmitl  ground,  aHirni  it  possible  to  make 
a  ,/ii/ing  chariot,  in  wliicli  a  man  miiy  sil.  and  g;ive  such  a  motion  unto  if  u 
<hall  convey  him  through  the  air;  and  this  perhaps  mij^lit  be  made  larje 
enough  to  carry  diverse  men  at  tlie  same  lime,  togetjier  willi  I'ood  fo' 
their  r-ulicutn,  and  commodities  for  troffn-y  The  construction  of  such  a 
chariot,  he  says,  was  'no  tlilficult  mailer,  if  a  man  had  leisure  to  shov 
more  particularly  the  means  of  c.-ornposiiig  it.'  It  is  to  be  regretted  that 
he  did  not  pretermit  some  of  his  labors  for  that  purpose,  especially  as  his 
project  was  not  merely  to  skim  aluiig  the  surfiice  of  this  planet,  like  mo- 
dern aeronauts,  or  ancient  navigators  creeping  along  shores — but  like  ano- 
tlier  Columbus,  to  launch  out  into  the  unknown  regions  of  space,  iu  search 
of  other  worlds. 

Had  Wilkins  been  a  countryman  as  well  as  a  contemporary  of  Galilei, 
his  aerial  flights  would  have  been  confined  to  a  dungeon,  and  the  wings 
of  his  genius  would  have  been  efTcclually  clipped  with  Roman  shears. 
Indeed  we  must  admit  that  he  was  the  greater  sinner  of  the  two!  for 
Galileo  merely  taught  the  absurd  tioctrine  of  the  sun's  stability,  ind  that 
the  earth  moved  round  It,  in  opposition  to  the  evidence  of  his  senses,  to 
the  doctrines  of  the  church,  and  in  Hat  contradiction  of  thoje  pas«a£res  in 
the  Bible,  which  Belfarmine  adduced  as  proofs  indubitable,  that  the  sun 
'ri.ses  ftp'  in  the  east  every  morning,  and  'goes  doicn,'  in  the  west  every 
night,  and  that  the  earth  is  c>iabli.slied  and  'car.i^ot  be  moved.'  Whereas 
the  heretical  bisho)i,  emleavored  to  open  a  way  hy  wiiich  men  could 
visit  other  worlds  when  ihi-y  pleased,  and  that  too,  without  consukmg,  or 
»o  much  as  snying  'by  your  leave,'  to  the  successors  of  St.  Peter! 

The  earliest  English  atj^onaut  was  Elmer,  a  monk  of  the  lllli  century 
He  adapted  wings  to  his  hands  and  feet,  and  took  his  Higlit  from  a  lofty 
tower.  He  sustained  himself  in  the  air  for  the  space  ol'  a  furlong,  but  his 
career,  (like  that  of  Dante  in  the  fifteentli  century)  terminated  unfortu- 
nately, for  by  some  denutgcmcnt  of  his  machinery  he  fell,  and  both  big 
legs  were  broken.  Dante,  after  several  successful  experiments,  fel!  on  the 
roof  of  a  church  and  broke  his  thigh. 

It  is  a  singular  fact  in  the  history  of  the  arts,  that  mechanical  skill  was 
in  former  times  intimately  connected  with  thfologital  pursuits,  and  that 
some  of  the  cleverest  workmen  were  ecclesiastics,  and  of  the  highest 
grades  too ;  witness  Gerbert,  Dunslan,  Albertus,  and  many  others.  The 
first  was  a  French  mechanician  of  the  10th  century,  whose  researches 
led  him  at  that  early  period,  loexpcriment  on  steam,  and  on  its  application 
to  produce  music.  He  was  successively  archbishop  of  Rheims  and  Ra- 
venna, anu  in  999  took  hi.s  seat  in  St,  Peter's  chair,  and  was  announced 
to  the  world  as  Pope  Sylvester  H.  It  may  now  apjirar  strange  that 
monks  and  friars,  abbots,  bishops,  archljishops  and  popes,  should  have  been 
among  the  chief  cultivators  of,  and  most  expert  manipulators  in  the  aits, 
and  that  to  them  we  are  greatly  indebted  for  their  preservation  through 
the  dark  ages ;  but,  in  those  times,  it  was  so  far  from  being  cons'dered 
derogatory  in  ecclesiastics  to  work  at '  a  trade,'  that  those  who  did  not,  were 
accounted  unworthy  members  of  the  church ;  hence  monks  were  cooki, 
carpenters,  bakers,  farmers,  turners,  founders,  smiths,  painters,  carvers, 
Ropyists,  &:c. ;  all  had  some  occupation,  besides  tlie  study  of  their  ppculiat 
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dttlies.  *•  lu  ihat  famous  colledg,  our  monusU-riR  of  Bnngor^  \\\  wliicli  ther« 
wen;  2100  clirUlian  philusciphcrs,  llial  stirved  for  the  profit  ol"  the  people 
•ti  Cbrist,  living  by  the  lalior  of  their  hands,  according  to  St.  I'aul's  doc- 
trine."' This  was  in  the  5lh  ci-ritury.  wlieri  Fclagius  liclontjed  lo  the 
samt!  tnf  .lastcry.  In  the  7l)i,  "almost  all  monks  were  nddicled  to  manual 
Wb,"  Htid  according  to  JSt.  Benedict,  sucli  only  us  lived  by  Jieir  own  la- 
h<»r,  "  were  truly  monks."''  "  Thcij  nuul:  and  lold  their  u-arct  to  strangers, 
for  the  use  [iHMR'tit]  ofllicir  monnslerie,  yet  somcwiint  ciienper  tJiaJi  others 
«i>ld."*  Many  of  these  men  naturally  became  expert  workmen,  ei<)>ecia]ly 
iu  the  melnli — a  branch  of  tlie  arts  that  seems  to  have  been  a  favorite  one 
with  them  ;  hence,  the  best  gt)Id  and  silver  smiths  of  the  limes  were  often 
found  in  cloisters ;  and  the  rich  '  boles,  cups,  chaiices,  basens,  lavatories 
of  silver  and  gold,  and  otlier  precious  furniture'  of  the  churches,  were 
made  by  the  priests  themselves : — It  may  Ik>  a  tpiestion,  whether  they 
were  not  right  in  thui  combining  mental  and  physical  employments;  as 
a  cotnpound  being,  manual  labor  seems  necessary  to  the  full  development 
of  man's  intellect,  and  to  its  liealthy  and  vigorous  exercise.  Dunstan, 
Archbishop  of  Canterbury  in  llie  lO'Ji  century,  was  skilled  in  metiillurgical 
operations — he  was  a  working  jeweler,  and  a  brass  founder.  Two  large 
bc'tis  for  the  church  at  Abingdon  were  cast  by  him.  He  is  said  to  ha>'e 
bo'n  tLu  inventor  of  the  Golian  linrp,  an  instrument  who<c  spontaneous 
tnusic  induced  tlie  people  at  that  dark  age,  to  consider  hiui  il  conjure. — 
hence  the  old  lines — 

hi.  r>UD»iair!i  liarp,  faul  by  the  tvull 
1'iiiin  B  pin  (lid  hiui^ — a; 
Tru'  iiurp  iueir,  with  ly  iind  all, 
L'niouthfil  by  luiml  did  twiing — a. 

The  genias  of  some  led  lliera  to  cultivate  architecture.  Calliedrals  and 
other  buildings  yet  ex*ant,  attest  their  skill.  Of  celebrated  architects  in 
the  11  «h  century,  w  re  Mauritiu-f,  bishop  of  London,  and  liumhthphut 
biiiLop  of  Rochestei.  The  latter  visited  the  Holy  Land  |)revious  to  the 
«■:  '  1  lid  is  said  to  have  lx;en  one  of  the  greatest  builders,  and  the 
:i  nt  casllo  architec.  of  his  age.      In   llie   Towers  of  London  and 

;ne4t' T,  he  left  specimens  of  his  art.  At  page  62,  we  referred  to  the 
ains  of  a  cattle  built  by  him,  and  lo  his  mode  of  protecting  the  well, 
atid  raisine  the  water  to  the  dilferenl  Hoors.  In  tlie  12th  century,  llieso 
reverend  artists  were  numerous.  In  England,  were  Roger,  bishop  of 
!?ulisbury,  and  Ernulf,  his  successor — Alexander  of  Lincoln — Henry  Da 
Blois  of  Winchester,  and  Roger,  of  York;  all  of  whom  left  rem.irkablo 
proofs  of  their  proficiency  as  builders.  In  France,  'in  sundry  times  the 
ecclesiastics  performed  ctirrine,  tmelling,  jminting,  and  mosaic'  Le<<, 
oil hoo  of  Tours  in  the  Cth  century,  '  was  a  great  artist,  especially  in  car 
jimlrtj.'  St.  Eloy  was  at  first  a  sadler,  then  a  golihrniUi,  and  at  last 
oishop  of  Noyan  ;  he  built  a  monastery  near  Limoges,  but  he  was  most 
o.ited  for  skrines  of  gold,  silver,  and  precious  stones.  He  died  in  66S. 
Tlic  church  of  Xntre  Dame  iles  Unes,  in  Flanders,  was  begun  by  Picrn* 
the  7th  abbot,  and  toinpleled  in  1262,  by  Theodoric.  'The  whole  nhurch 
Was  built  by  the  monks  themselves,  assisted  by  the  lay  brothers  and  theii 
nerv'anl,*.''' 

Lutlier  Wbs  accQsloraed  to  turning,  and  kept  a  lathe  in  his  house,  'in 
iirder  to  gain  bis  livelihood  by  his  hands,  if  the  word  of  God  failed  tc 
tupport  him.' 


^^^Ktn: 


■  Munuttichon  Briunnirinn.  f.on.  1655.  p. 
*  U.  Cce>-c.  .\it  Civi.  \Rliiteciure. 
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">e  Roode  of  Grace.  [Book  1 

Those  in  whfim  tlie  '  organ  of  constructireness,  or  invention  was  prom- 
inent, produeotl  atiioiiir  other  curious  macliinery,  */^rrtA-/»^'  hcadr.  imaact  of 
taints,  Sfc.  Tli<>so,  it  is  l)clievetl,  were  imitations  of  siniuar  conlrivan;;e» 
in  lieathen  tomnlcs.  Tlio  statue  of  Serains  moved  its  ejvs  and  lips.  The 
bini  of  MtMiirion  Happi-d  his  wings,  and  uttered  sounds*  It  is  to  be  rc- 
jrroltcd  that  no  deluilod  descriptions  of  these,  Jind  of  such,  us  were  used 
ill  £urope.iii  cliurches  previous  to  the  reformation,  liave  been  preserved 
An  account  oi'  tlie  injrenious  frauds  of  antitjuity  would  be  as  valuable  ton 
mechanician  as  it  would  be  interesting  to  a  philosopher.  It  would  in  all 
probaliiiity  develo]>e  mechanical  combinations  both  novel  and  "seful;  and 
would  uicluile  all  the  in<-c-hanism  of  modern  androidcs ;  and  most  of  th« 
deceptions  to  l>e  derived  from  natural  magfic. 

A  famous  image  known  as  the  Rootle  of  Grace,  Is  often  mentioned  bv 
English  historians.  A  few  scattered  notices  of  it  are  worth  insertrng. 
Speed  in  his  history  of  Clreat  Britain,  (page  700,)  says  "  it  was  by  divert 
vices  [devices]  made  to  hoir  down,  and  to  ti/l  vp  itsi'lj'e,  to  shake,  and  to 
stir  h'jth  head,  hands,  and  fret,  to  rotcle  its  ei/es,  tnoore  the  lips,  and  to  befid 
the  hroiex."  It  was  destroyed  in  Henry  VII F's  reign,  being  "  broken  and 
pulled  in  jiicces,  so  likewise  the  images  of  our  hajy  of  Walsingliacn 
and  lj)s'.vich,  set  and  bi'sprinkled  with  jewels,  and  gemmes,  with  divers 
others  both  of  Englanil  and  Wales,  were  brought  to  London,  and  burnt 
at  Chelsea,  before  the  Lonl  Crumwell."  In  the  life  of  the  last  named  in- 
dividual some  further  piirticnlars  of  it  are  given,  and  which  explain  the 
mode  of  operation.  "  Wiihiii  the  Roode  of  Grar.e,  a  man  stood  inclosed 
with  an  hundred  '.rycrx,  v.lii;n'with  he  nia<le  the  imajje  roll  his  e)/es,riod  hi$ 
head,  hans  the  liji,  more  and  shake  his  jaws  ;  according  as  the  value  of 
.he  gift  offered,  jjlcascd  or  displeased  the  priest;  if  it  were  a  small  piece 
of  silver,  he  would  hang  the  lip,  if  it  were  a  good  piece  of  gold,  his  chapt 
would  go  mcrrilji"  Sec.  Cromwell  discovering  the  cheat,  caused  the 
image  "  with  all  his  engines  to  be  openly  showed  at  Paul's  Cross,  ami 
there  to  be  torn  in  pieces  by  the  people."  Clarke's  Lives,  Lon.  1675 
It  would  have  been  a  dangerous  practice  to  have  employed  intelligent 
'  /at/  craftsmen'  in  making  niachiiies  like  this,  or  to  iiave  engaged  them  in 
'  pulling  the  wires.'  The  shrine  of  lirrkrl  showed  great  proficiency  in 
some  of  the  arts.  It  "  did  abound  with  more  than  princely  riches,  its 
meanest  part  was  pure  gold,  garnished  with  many  precious  stones,  as 
Erasmus  that  saw  it,  hath  written  ;  wtu^reof  the  chiefest  was  a  rich 
gemme  of  France,  offered  by  king  Lewis,  who  askcnl  and  obtained  (you 
may  be  sure,  he  buying  it  so  deare)  that  no  jiassenger  betwixt  Dover  and 
Whitesand  should  perish  by  shi]iwracke."  The  bones  of  Uecket  were 
laid  in  a  splendid  tomb.  "  The  timber  work  of  his  shrine  was  covered 
with  jilates  of  gold,  damasked  and  embossed  with  wires  of  gold,  garnished 
with  lirtKhr^i,  images,  angels,  precious  stones,  and  great  orient  pearl es ;  all 
these  defaced  filled  two  chests,  and  were  for  price,  of  an  inestimable 
valn<.'."  A  catalogue  of  the  miracles  wrought  at  his  shrine  filled  two  folic 
volumes  !* 


*Seu  Kircher'a  Miiiiiir!;in  ('niv>  talis,  Kouie,  ltK>0,  Tom  ii,  p. -tKI,  for  an  ingeniou,! 
fi^re  of  such  an  aiitoiimtoii. 

i>  Accounts  kcpl  liy  Chiirchwarileni"  previous  to  the  ri!forniation  often  exhibit  curiuc: 
inforniation  in  relation  to  the  repairiiii;,  replacing,  and  clothing  of  image!*,  and  to  tlis 
Kileol'  daiiiuged  or  worn  out  onen,  as  appc'irs  l>y  tlie  following  extracts  iroiii  '  A  bnake 
of  the  stiilVe  in  tiio  clievrche  of  llolheche  sowld  by  Cheyrchewardyns  of  the  same,  '*• 
cordiiu;  to  ilie  injunctyon<  of  the  Kyiiges  .Magyste,  A.  !►.  1447.'  The.  Trinity  with  th* 
Tabernacle,  sold  lor  two  shilling  and  loiirpence.  The  Tabernacle  of  Nicholat  and  Jurites 
for  nix  I'hilliiigK  ami  eight  pence.  ".Ml  llie  .Xpo.ityls  routs  and  uthrr  msigs,"  for  f  ^rlit  shil 
lings  and  four  pence.  .\iid  in  1,'>47.  "  XX  ►core  and  X  hiind,  oftatgu.  at  ii.  g.  and  xi  d. 
tlie  score.'  This  item  probably  consisted  of  brazen  uteasiU,  images,  Sec  sold  for  their 
VIIJU9  UK  Old  uiettl.    StukeLy'sAntiquitie*.    London  1770,  pufte  21. 
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Other  devices,  less  coirplex  than  the  Rdotic  of  Crrace,  but  when  adroitly 
maiiairod,  etjually  effective  and  imposing,  consisted  in  the  apphfation  of  se- 
cret tul>es,  through  which  sound  might  l>e  conveyed  from  a  person  at  a  dis- 
tance. Sometimes  the  accomj>lice  was  concealed  in  the  pedestal,  or  in  th« 
statue  itself,  or  in  the  vicinity.  "  The  craftincsse  of  the  inchanters,  (observes 
Peter  Martyr,)  led  them  to  erect  images  against  walk's,  and  gave  answei 
through  holes  bored  in  them  j  wherefore  the  people  were  tnarvellouslie 
amazed  when  they  supposed  the  images  spake.  There  were  dailie  woon 
ders  wrought  at  the  images  whereby  the  sillie  people  were  in  sundriewise 
seduced."*  It  was  by  a  trick  of  this  kind,  that  Dunstan  confounded  his 
adversaries  in  an  important  discussion — the  crucifix  hanging  in  the  church 
opened  its  mouth  and  decided  the  question  in  his  favor.  Numerous  exam- 
ples of  more  recent  times  might  Ijo  given.  We  add  one  from  Ivoysler's 
Trav.  Vol.  i,  148  :  A  monk  having  made  a  hole  through  a  wall,  behind  an 
image  of  the  Virgin,  'placed  a  concealed  tuln;  from  it  to  his  cell ;  and  tiirough 
it  can-M'd  the  image  to  utter  wliatever  he  wished  the  peo]>le  to  believe.'  By 
such  tubes  figures  of  the  Virgin  have  repeatedly  declared  her  wishes, 
saluted  her  worshippers,  and  returned  their  compliments.  It  was  by  the 
same  device  that  several  statues  of  heathen  deities  performed  prodigies  ; 
that  of  Jupiter  for  example,  which  burst  forth  into  loud  fits  of  laughter. 
Misson's  Trav.  Vol.  ii,  412. 

Witliin  ancient  temples,  says  Fosl)roke,  was  a  dark  interior,  answering 
lo  the  choir  of  modern  cathedrals,  the  Penelrah,  into  which  the  people 
were  not  permitted  to  enter.  When  the  time  of  sacrifice  arrived,  the 
priest  opened  the  doors  that  the  people  might  see  the  altar  and  victim ; 
for  only  the  priests  and  privileged  persons  entered  iwto  the  rdlu,  i.  e.  into 
interior.  Some  temples  admitted  light  only  at  the  door,  for  darkness  was 
deemed  a  most  powerful  aid  to  superstition.  "  The  penctralo  of  the  tem 
pie  of  Isis,  at  Pompeii  is  a  small  pavilion,  raised  upon  steps,  under  which 
is  a  vault,  that  may  iiave  served  for  oraculax  impositions.  A  shrine  of 
this  kind  is  still  open  for  inspection  at  Argos.  In  its  original  state  it  had 
been  a  temple ;  the  further  part  where  the  altar  was,  being  an  excavation 
of  the  rock,  and  the  front  and  roof  constructed  of  baked  tiles.  'J'he  altar 
'•et  retsains  and  part  of  the  fictile  superstructure,  but  the  most  remarka- 
ble thing  is  a  secret  subterraneous  passage  terminating  Zi<,7;/«fZ  Me  alta" 
iti  entrance  being  at  a  considerable  dislaace,  towards  the  right  of  a  i)erson 
facing  the  altar,  and  so  cunningly  contrived  as  to  have  a  sitiall  ajiorture, 
easily  concealed,  and  level  with  the  surface  of  the  rock.  This  was  barely 
large  enough  to  admit  the  entrance  of  a  single  person,  who  could  creep 
along  to  the  back  of  the  altar,  wliere  being  hid  by  some  colossal  statue,  or 
^ther  screen,  the  sound  of  his  voice  would  produce  a  most  impo- 
sing effect  among  the  listening  votaries."  Antiq.  .33.  It  is  a  curious 
fact  that  conjurers  and  chiefs  among  American  Indians,  were  found 
to  practice  similar  cheats.  In  St.  Domingo,  some  Spaniards  having 
abruptly  entered  the  cabin  of  a  cacique,  they  were  astonish(!d  to  hear  an 
"do!  apparently  speaking  (in  the  Indian  tongue)  vfith  great  volubility. 
Suspecting  the  nature  ol  the  imposture,  they  broke  the  image,  and  dis- 
covered a  concealed  tube,  which  proceeded  from  it  to  a  distant  corner, 
where  an  Indian  was  hid  under  some  leaves.  It  was  this  man,  speaking 
through  the  tube,  that  made  the  idol  utter,  whatever  he  wished  the  hear- 
ers to  iMilieve.  The  Caci<fie  prayed  the  Spaniards  to  keep  the  trick 
lecref,  as  it  was  by  it,  that  he  secured  tribut<j  and  kept  his  people  in  sub- 
ection.i* 

•  Common  Places,  Part  ii.  Chap.  v.     Lon.  1583. 

k  Histoire  Ginirale.    La  Haye.  1763.    Tom.  18,  p.  239. 
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Another  device  adopted  by  ecclesiastics,  for- subduing  tlie  turbukni 
passions  of  their  ignorant  people,  and  exciting  in  tkem  feelings  of  res]Hc: 
for  the  church,  was  by  making  images  of  the  Virgin  and  of  Christ,  to 
veep,  and  sometimes  to  sweat  blood,  &c.  These  effects  being,  of  course, 
represented  as  the  result  of  their  impenitence.  'The  fathers  of  Monte 
Vaccino  made  the  wooden  crucifix  sweat  tliat  was  fastened  to  the  wall 
of  their  church  ;  through  which  they  had  a  passage  for  the  water  to  rur 
into  the  body  of  the  crucifix,  wherein  they  had  drilled  several  i)ores,  so 
that  it  passed  through  in  little  drops.'  De  La  Mortraye's  Trav.  Vol.  i,  23. 
This  was  a  staple  trick  of  heathen  priests ;  hence  Statius,  in  his  T/telxiid, 
B.  ix,  V.  906,  represents  the  statue  of  Diana  weeping. 

For  tears  descended  from  the  sculptured  stone. 

And  Lucan, 

The  face  of  (rrief  each  marble  stnnie  wears. 
And  Parian  godi  and  heroes  Ktand  in  tears. 

In  the  temple  of  the  great  Syrian  goddess  at  Hie.-apolis,  were  idols 
that  could  'move,  sweat  and  deliver  oracles  as  if  alive.'*  Among  an- 
cient chemical  deceptions,  the  liquefaction  of  St.  Januarius'  blood,  is  still 
performed ;  and  once  a  year,  all  Naples  is  in  suspense  till  the  miracle  is 
accomplished.  We  shall  have  occasion  to  notice  other  ingenious  ancient 
devices  for  the  same  purposes  of  delusion,  in  the  fourth  Book,  wh?n  speak- 
ng  on  the  application  of  steam  to  raise  water. 

Although  the  monks  present  lamentable  examples  of  misdirected  talents 
and  misapplied  time,  their  labors  tended  to  the  general  progress  of  re- 
finement and  learning.  We  may  regret  that  unwortliy  spirits  among  them 
abused  the  superstitions  of  the  times  to  their  own  advantage — imitating 
the  statesmen  and  priests  of  antiquity,  i;;  making  the  oracles  declare  what 
they  wished  ;  still,  they  were  the  only  lights  of  the  dark  ages,  and  even 
their  introduction  of  images  of  saints,  &c.  in  place  of  the  pagan  idols, 
contributed  in  the  end  to  the  overthrow  of  idolatry,  and  was  perhaps  the 
only  condition  on  which  the  barbarous  people,  could  be  induced  to  give 
uj>  their  ancient  deities.  '  It  can  hardlie  b<!  credited,'  says  Peter  Martyr, 
'  with  how  greate  labor  and  difRcultie,  man  could  be  brought  from  the  wor- 
shipping of  images.' 

Another  class  devoted  themselves  to  writing  and  copying,  tliat  is,  to  the 
art  of  multiplying  books ;  and  their  industry  and  skill  have  never  been, 
and  in  all  human  probability,  never  will  be  surpassed.  The  beauty,  uni- 
formity and  effect  of  their  pages,  arc  e<]ual  to  those  of  any  printed  volume. 
The  richness  of  the  illuminated  letters,  the  fertility  of  imagination  dis- 
played in  their  endlessly  variegated  forms,  tlie  brightness  of  the  colors 
and  gilding,  and  the  minuteness  of  finish,  can  only  be  appreciated  by 
those  who  have  had  opportunities  of  examining  them.  We  have  seen 
some  in  which  the  illustrations  equalled  the  finest  paintings  in  miniature.^ 
In  a  literary  and  useful  ])oint  of  view,  the  labors  of  these  men  are  at)ove 
all  praise.  They  were  the  channels  through  which  many  valuable  work* 
of  the  ancients  have  been  preserved  uml  transmitted  to  us.  And  as  re 
gards  the  arts,  both  ornamental  and  useful,  the  monks  were  at  one  Uait 
almost  their  only  cultivators. 

■  Univer.  Hist,  i,  373.  'In  the  Libraiy  of  John  Allan,  Esq.  of  this  city. 
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Wli«*b  tor  nUtni;  ntrr— Marhlnet  de«erlb«l  by  Tltrurlni— Tympinnni— D«  L«  Fiyr'i  im 
pfo«<  r  ;»  Wheel  — <'hin«M'  Mllli— Itoman  do.  — Efvptlftn  do.-Norf«  Willi   Pots — 9a|»> 

p*^-'  ihc»l  WhroU-^nMtlmto  for  whf'(-l»  *nil  plniotu — I'cntan  Wheel:  Comninn  tn 

*"--  -  al  UaniKlli— Variuui  iu<>tti-)i  uf  priipellitiif;  the  NorU  by  mitii  rni'I  animal* — 

1  of  Ibc  laUer  U>  ritiae  water.     Adliqnily  of  tlia  Noria  -  Supposed   to  bo  1b« 
if-'— An  appropTiiit**  emblem  fifabuiHlaiice  In  Egypt— Spbinx-Llons' neqila  — 
V.ftw-a— t  nrnueopia — \nclent  eniblerni  of  Irrigation — Medea:  Inventreia  of  Vupor  Ballia — Ct»- 
•ibilu — Sletatllr  and  gloaa  nilrrora — BartH'ni. 

Havixo  examined  Buch  devices  for  raising  water,  as  from  their  sim- 
plicilv  have  been  generally  unnoticed  in  treatises  on  hydr.iulic  iiincliine<4, 
we  prweed  to  others  more  complex  ;  and  first,  to  such  as  levulve  round 
the  C'.-ntres  from  which  they,  are  suspended,  and  which  have  a  continuous 
instead  of  an  alternating  motion.  Although  diflerin^!  in  these  ruspects  and 
in  their  form  from  the  jantu  or  vibrating  gutter  and  the  swupe,  they  will 
be  ft'Utid  essentially  the  same;  their  change  of  figure  being  more  apparent 
than  real,  and  merely  consequent  on  the  new  movement  imparted  to  them. 
As  these  ma^'hiiies  are  obviously  of  later  date  than  the  preceding,  it  may 
perhaps  h>e  supposed  that  the  period  of  their  introduction  might  be  as- 
certained ;  but  so  it  is.  that  with  scarcely  an  excefition,  the  lime  when, 
p1»c«  where,  and  the  persons  by  whom,  they  were  invented,  are  abso- 
lutely unknown. 

AlfhoiijLjh  allusions  to  machine*  for  raising  water  are  found  in  several 
of  their  authors,  it  does  not  appear  that  any  general  account  or  coinpre- 
h^-nsive  treatise  of  them  was  ever  written  by  the  ancients.  If  such  a  work 
was  executed,  it  has  perished  in  the  general  wreck  of  ancient  records 
AUiui  the  beginning  of  the  Christian  era,  a  Roman  architect  and  enrihieer 
putilished  a  tre.'ilise  on  those  professions,  in  which  he  inserted  a  brief  de- 
scription of  some  hydraulic  engines.  This  is  the  only  ancient  work  extant 
which  treats  professedly  on  them  ;  and  the  whole  that  relates  to  them 
might  be  included  in  two  pages  of  this  volume. 

The  machines  described  by  Vitruvius — for  it  is  to  him  we  allude — are 
the  Ti/mpuHum,  Nona,  Chain  of  Pots,  the  Screw,  and  the  Machine  of 
t'tetibiuf  or  Pump.  lie  h.is  not  mentioned  the  jantu,  swape,  the  cord 
•od  bucket,  with  the  various  modes  of  using  the  latter;  probably  because 
be  con'-idi'red  these  too  simple  in  their  construction  to  be  properly  classed 
,  smong  h%draulio  m.achinery  ;  he  therefore  passed  by  them,  and  modern 
authors  have  generally  followed  his  example.  Notwithstanding  the  omis- 
sion of  these,  there  are  circumstiinces  which  render  it  probal)le  that  his 
account,  brief  a«  it  is,  includes  all  the  principal  machines  that  were  used 
by  the  nations  of  the  old  world,  if  we  except  China.  He  wrote  at  a  pe- 
riod the  most  favorable  for  acquiring  and  transmitting  to  posterity  a  perfect 
knowledge  of  the  mechanic  arts  of  the  civilized  nations;  for  he  flourished 
during  the  last  scenes  of  ihe  mighty  drama  when  Home  had  become  the 
arbilress  of  the  world. and  the  enlightened  nations  of  the  east — their  wealth, 
learning,  Hria  and  artiaans,  were  proslxate  at  her  feet ;  so  that  if  we  were  to 
8Upp<)se.  aVisurd  as  it  would  be.  that  the  previous  intercourse  of  the  Romans 
with  Asia  Minor,  Egypt,  Carthage,  and  Greece  hud  not  made  them  famil- 
iar with  the  arts  of  those  countries,  nothing  could  have  prevented  them 
from  py»ses»ing  such  knowledge  when  they  became  Roman  provinces; 
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icnce  we  infer,  that  if  there  had  been  in  use  in  nny  of  those  coiintrim, 
(for  some  ceiiiiiries  previous  to  or  during  the  lifetime  of  Vitruvius,  and  he' 
was  an  old  man  when  he  jmblished  his  work ;)  any  efficient  machine  for' 
raising  water,  different  from  those,  he  has  deacrilied,  it  would   have  l>eca 
i<nowu  to  the  R'imuns,  and  would  have  lieen  noticed  by  liirn.     Moreover, 
lie  was  evidently  fiimiliar  with  the  invenliuns  of  the  mechanicians  of  for-' 
iiier  a<^es  and  frequently  refers  to  them  ;  and  as  all  the  machines  described 
by  him  were  of  foreign    oriijin,  and   most  of  tliem  of  such  high  antiquity 
as  lo  rc'irh  back  to  ages  anterior  to  the  birth  of  Koniulus  and  the  founda^  I 
lion  of  Rome,  we  hiive  no  reason  to  supiiose  that  any  inipurtant  one  liaa  ■ 
escaped  liipn  :   lo  which  we  may  add,  if  any  useful  machine  for  raising  wft- , 
t.  r  liHil  oiigiiiated  with  his  countrymen,  he  would  scarcely  have  failed  lo  j 
r  cord  I  he  fact. 

The  lympuinim  c<insists  of  a  series  of  gutters  united  at  their  open  end«i 
to  a  hiirizonta!  s!i:ifi,  which  is  made  hollow  at  one  end  and  placed  a  little; 
higher  than  where  the  water  is  to  be  elevated;  the  gutters  are  arranged! 
as  radii,  and  are  of  sullicient  length  to  extend  from  the  shaft  to  a  short, 
distance  below  the  surface  of  the  water,  as  represented  by  the  annexed  di-J 
agram,  | 

S,  the  shaft ;  G,  G,  the  gutters ;  A,  a  trougW 
to  take  away  the  water.     The   arrow  indicates | 
ihe  direction  in  which  the  wheel  turns;  each  gut»i 
ter,  as   it  revolves  scoops  up  a  portion  of  water 
land  elevates  it,  till  by  the  inclination  to  the  axle,  J 
/J.v-  it  (lows    towards   the    latter,    and    is  discharged 

^  '  through  one  end  of  it 

Were  the  inMchiiie  raiide  .is  thus  represented,  i.e. 
of  separate  gutters  and  not  connected  to  each  other, 
it  coidd   not  be  diiralile.  as  the  weight  of  water 

, _  iai>ed  at  the  end  "if  each  woidd  have  a  trndency 

No.«,   TjTopooun.  '"i  breuk  them  at  their  junction  with  the  shaft., 

The   ancients   therefore    made   two  stiong   disks, 
of  plank  well  jointed  together,  of  the  diameter  of  the  intended  wheel,  these 
they  s»:'cnieil  on  a  shaft,  at  a  dislaiice  from  each  other,  proportionate  lo 
the  quantity  of  water  required  to  be  raised.     Any  iiuinher  of  plank  p«N 
titioiis  (Viiruviiis  says  eight)  were  then  inserted  in  the  direction  of  radii  i 
between  these  disks,  and  were  well  secured  to  them,  and  made  light  by  J 
caulking  and   pilch.     The  spaces  between  them,  at  the  circumference  of 
the  wheel,  weie  also  closed,  with  the  exception  of  an  opening  left  for  the 
admission  of  water  to  each;  and  where  each  partilinii  jnined  the  shaft,  a 
hollow  channel  was  formi-d  in  the  latter,  parallel  to  tlie  a.xis,  through  which 
the  water  was  dischargrd  into  a  trough  or  gutter  placed  immediatelv  un- 
der it.     The  tynipanuni  is  oliviiHisly  a  miiiitlrcation  nf  the  jaiitu  <>{  India.  ' 
or  rather  it  is  a  numl>er  of  them  coinliined,  and  having  a  revolvinn  instead  '. 
of  a  vibratory  movement.      It  is  the  first  m.Hchine  described  by  Viiruviusji 
of  which  he  olwcrves,  "  it  does  not  raise  the  water  high,  but  it  discharges  I 
a  great  quantity  in  a  short  time."'     B.  x.  Cap.  9.      From  its  resemblaine  t 
lo  a  drum  or  tabor,  it  was  named  by  the  Rumans  Tijmjianiim. 

The  prominent  defect  of  the  tyrnpnnniii  arises  iVom  the  water  being 
always  at  the  extremity  of  a  radius  of  the  wheel,  hy  which  its  resistance 
increasas  as  it  ascends  to  a  level  with  the  axis ;  being  raised  at  the  end  of 
levers  which  viriuidly  lengthen  tdl  the  water  is  dischiirired  fnmi  them 
There  ie  no  reason  to  siij>pose  that  this  defect,  if  perceived  at  all  by  an- 
cient mechanicians,  was  ever  remedied  by  them  ;  to  most  persons,  the  idea 
would  never  occur,  ihat  so  simple  a  machine  ceuld  be  essentially  iniprov 
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eii.  Slid  iis  (mvinsr  been  tlescril>ed  as  represented  in  tlie  last  figa.'o  by  a 
llmiiui  jjliiloeojiher  ami  t'ii>jir.ccr;  it  was  most  likely  used  us  thus  con- 
nruiwJ,  ihrotii'h  llie  reiiiofe  ngrs  of  unfiquity,  to  the  early  part  of  the  last 
ci'iilury,  wbpti  a  member  of  tlm  Royal  Academy  of  Sciences,  of  Frauce, 
M.  Dir  La  Faye,  developed  by  geometricul  reasoninsj,  a  beautiful  and 
Lulj  [ihilowpliical  iniprovcrecnt.   I(  i<  de«r.ribed  by  Belidor,  (Tom.ii,  385, 


Ko.  4&.    Tympouum  in)>ru\ed  bv  Lft  Kaje. 

tVI.)  Irtwcther  with  the  process  of  reasoning  that  led  to  it  "  When  liif* 
circumference  of  a  circle  is  developed  ;  a  curve  is  described,  (the  invo- 
lalp)  of  v;hich  all  the  radii  are  so  many  tangents  to  the  circle  ;  and  arn 
lilccvrisc  nil  re«['ectivcly  peqjendicular  to  the  severiil  points  of  the  curve  dc- 
scril>ed,  %vhich  has  for  its  greatest  radius,  a  lino  cqtial  to  the  periphery  of 
the  circle  evolved.  Honce,  having  an  axle  whose  circumference  ii  little 
exceeds  the  height  which  the  water  is  proposed  to  be  elevated,  let  the 
circtnnfcreuce  of  tiie  axle  be  evolved,  and  make  a  curved  cannl.  whose 
camiture  »haJl  coincide  throughout  exactly  with  that  of  the  .nvolute  just 
fonacA  ;  if  the  furtlier  extremity  of  this  canal  be  made  to  enter  the  water 
that  is  to  be  elevated,  and  the  other  extremity  abut  upon  the  shaft  which 
.s  tarucd  ;  llien  in  the  course  of  rotation,  the  water  will  rise  in  a  v^r.RTiCAL 
DtRECTlON*,  tangential  to  the  shaft,  atid  perpendicular  to  the  canal,  in  what- 
ever position  it  may  be."     tM?c  No.  4.5. 

The  above   figure  from  Bclidor,  is  composed 

of  four    lul>e3    only,    but   it    is   frequently    con- 

tructed   with    double   the   numljcr.     Initead    of 

tubes,  curved  partitions  between  the  closed  sides 

of  the  wheel  are  oftoiier  ui«?d,  as  in   the  scoop 

WHr.KL — whicli    coiisisis   of  a   number  of  serai- 

lircular  partitions,   extending  from  the   axlj   to 

1)10  circumference  of  a  large  flat  cylinder.     As 

it  revolves  in  the  direction  of  the  arrows,  th-j  ex 

tremilies  of  the  partitions  dip   into    the   water. 

and  scoop  it  up,  and  a«  tlwy  ascend,  discharge 

.s  .,  ,„,i.  it  into  a  trough    placed    under  one   end   of  the 

shaft,  which  is  liolloweil  into  ai  many  compart- 

OienM  J-    ill' I.   are  partitions  or  scoops.     WhoeN  of  this  description,  and 

ofooi'l'ud  by  steam,  are  extensively  used  to  drain  the  fens  of  Lincoinshite 
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THE  NORIA  OR  EUYPTIAN  WHEEL 

Tlic  tvTnpanum   Itas  been  described  as  an  Bssptublage  of  ffiitl?r5,  and 
the  Nona  may  be  considered  as  a  number  of  rerolving'  swapcs.     It  con- . 
sists  of  a  series  of  poles  united  like  the  arms  of  n  wheel  lo  a  hcnzontall 
shaft.     To  the  extreinitv  of  each,  a  vessel  is  attached,  which  filla  ns  itdipi I 
into  the   water,  and  is  discharged  into  a  reservoir  or  gutter  at   the   upper! 
part  of  the-  circle  which   it  descrities.     See  No.  47.     Hence,  the  fornicr] 
raises  water  only  through   lialf  a  diameter,  v  hilc  this  elevates  it  tlirougU 
a  whole  o:ie.     The  idua  of  thus  connecting  a  number  of  poles  with  theif 
buckets,  must  have  early  occurred  to  the  agricultural  machinists  of  Asia.^ 
The  advantages  of  such  an  arrangement  being  equally  obvious  as  in  the 
tyiu]>unuin.     The  means  that  naturally  suggested  them.ielves,  of  strength- 
ening a  number  of  poles  thus  ai-ranged,  gradually  brought  tliese  raochinea-| 
iiilfi  the  fnrin  nf  wheels.     Sometimes,  a  rude  ring  was   formed,  to  whichT 
the  exterior  ends  were  secured;  at  others,  disks  of  ])lunk  were  adopted«] 
and  the  vessels  were  attached  either  to  the  sides  or  rim,  and  sometimes  ta] 
both. 
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The  Chinese  make  the  noria,  in  what  would  seem  lo  have  been  its  pri- 
mitive fiirtn  ;  and  with  an  atlmiralile  degree  of  economy,  simplicity,  and 
skill.  With  the  exception  of  tlie  axle  and  two  posts  to  support  it,  the 
whole  is  of  iKimbno,  and  nnt  a  nJiil  used  in  its  conslniction.  Even  the 
vessels,  are  often  joints  of  the  siimi-,  being  generally  about  four  feet  long 
and  two  or  three  incht's  in  diameter.  They  are  attached  to  the  poles  by 
ligatures  at  such  an  angle,  ns  to  fill  nearly  when  in  the  water,  and  to  dis 
charge  their  contents  when  at,  or  near  the  top.     See  No.  48.  , 

The  periphery  of  the  wheel  is  composed  of  three  rings  of  unequal  di 
ameter,  and  so  arninged,  as  to  form  a  frustrum  of  a  cone.  The  smallest 
one,  to  which  the  open  ends  of  the  tubes  are  attached,  being  next  the  banit 
over  which  the  water  is  convcy^ed.  By  this  arrungemenl.  their  content* 
tre  necessarily  discharged  into  the  gutter  as  tliey  pass  iht  end  of  it 
When  employed  tn  ruise  water  from  running  streams,  they  are  propelled 
oy  the  c'JiTHr.l  in  the  usual  way — the  paddles  being  formed  of  wover 
oainboo.     Tl'e  jizes  of  tliese  wlieels,  vary  from  twenty  lo  seventy  feet  io 
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iimcter.    Acconiing  to  Staunton,  eome  raise  over  three  hunilred  ions  of 

«lrr  in  twenty -four  hours.     A  wrilcr  in  flie   Chinese   Ri'positor;',   men- 

BMithcTs  which  raise  a  hundred   and   fifty   tons  to   the  heiglil  of  lorty 

!>ie  ?atne  lime.     They  combine  strength  and  lightness  in  a  rc- 

^n:  jree.* 

riic  ni..Je  of  constnictiiig  and   moring   the  noria  by  the   Romans,   is 
»ti?  iliscrilied  by  V'itniviiis  :      "  When  wuter  is  to  be  raised  higher,  than 
\l  ■  ^iium,  a  wheel  is  made  round  an  axis,  of  such   a   magnitude, 

_  'to  wliirh  the  water  is  to  be  raised  reijuires.  Amimd  the  ex- 
»nu!y  ol  the  side  of  the  wheel,  square  buckets  cemented  with  pitch  and 
;  ire  fixed  ;  so  that  when  the  wheel  is  turned  by  the  walking  of  men, 
tlw  (illrd  buckets  being  raised  to  the  top,  and  turning  again  toward  the 
Uliom,  discharge  of  themselves  wliat  tliey  have  brouglit  into  the  reser- 
»oir,"  B.  X,  Cap.  9.  Newton's  Trans.  As  the  drawings  made  by  Vi- 
ttnvm  himself,  and  annexed  to  hi*  work  are  all  lost,  his  translators  do 
not  (Kvays  agree  rcsfH'Cling  the  precise  fiirm  of  the  machines  de»<:ribed 
hyhim.  Newton  has  ficrnred  the  noria  as  a  large  drum,  to  one  side  of  which 
«iu«rp  boxes  or  buckets  are  secured.  These  buckets  are  chised  on  all 
»i  li",  «iih  the  exception  of  an  opening  to  admit  and  discharge  the  water. 
I'l:  r  it  iins  placed  tliom  on  the  ]iaddles  or  floats  of  an  undepshot  wheel, 
liU  IWbaro,  except  ti  at  the  latter  makes  the  bottom  of  the  boxes  or 
luolcti  fervc  a.  flie  san.<-.  lirr.e  as  paddles  to  receive  the  impulse  of  the 
i'»mi  Rivius,  in  hi*  German  Translation,  (Nuremburgh  15-18.)  has  given 
I  tieure  resembling  an  orem/iol  ir/irel  wilh  the  motion  reversed,  a  forir 
in  whitli  it  is  stiH  sometimea  made;  in  another,  it  is  similar  to  ihe  norio 
^Eg^/tl  at  the  prt'seni  dry,  a  modification  of  it,  probably  of  great  antli{uity. 
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No.  49.    tfj-ptiui  Norii. 

te«d  of  pots  or  other  vessels   secured   to   the   arms  by  ligatures,   oi 
;t8  attached  to  the  sides  of  a  wheel,  as   described  by    Vilruvius,   the 
iphery  of  tlie  wheel  itself  is  made  hollow,  and  is  divided  into  a  number 
slls,  or  compartments,  Nvhich  answer  the  same  purpose  as  separate  ves* 


'Van  Bmnni'*  Journal,  I,  172.     Ellis'*  Journal  or  .\mh(>nit'H  EnibuMy.  'i^O.    ChineM 
^podior},  ill,  IVj. 
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seln.  Tlie  figure  No.  49,  is  taken  from  ihe  Grande  Description  of  Earypt 
Plate  3,  Tom.  2,  E.  M.  It  was  nkctched  from  one  near  Kosetta,  whicli  raised 
rho  water  nine  feel.  'Die  li<]uiJ  enters  throujjh  npeninjfs  in  tlie  rim,  and 
is  discharged  from  tliose  on  the  sides.  The  arrow  shows  the  direction  in 
which  it  moves.  The  section  of  part  of  the  rim,  wiJl  render  the  internal 
construction  ol)vious.  Mr.  P.  S.  Girard,  author  of  the  Memoir  on  the 
Agriculture  of  the  Egyptians,  says  they  are  extensively  used  in  tlie  Delta, 
the  cog  wheels  being  very  rudely  formed.  fl 

The    tympniium   may    be  considered  as   a  wheel   with  hollow  tpdket, " 
while  the  noria,  as  above  constructed,  is  one  with  hollow  JcUom,  a  term  by 
which  it  is  designated  in  Fre/jch  authors :    '  Roue  a  jante  creases,'  a  name 
very  expressive,  and  one  \vhich,  in  the  absence  of  information   rcspeclinp, 
the  conslruction  of  this  machine,  might  enable  a  mechanic  to  make  it. 

In  various  parts  of  Asia,  Greece,  Turkey,  Spain,  &c.  Eaithenware 
jars  or  pots,  are  secured  to  the  rim  or  side  of  the  wbeel,  as  in  No.  50. 
Every  i'nrm  and  garden  in  Catalonia,  says  Arthur  Young,  has  such  a  ma- 
chine to  raise  water  for  tliR  purpose  of  irrigating  ihe  soil.  They  are  pro- 
pelled by  hor«os,  oxen,  mulee,  and  sometimes  by  men.  In  Spain,  the 
noria  has  remained  unaltered  from  remote  titries.     It  is  there  still  moved 

by  means  of  a  device  which 
probably  ^ve  rise  to  tootlieJ 
wheels. 

In  the  axle  of  the  noria   are   in- 
&ert.ed  twj,  (and   sometimes   (bur) 
strong  slicks  which  cross  each  oth- 
er at    right  angles,  forming  arm* 
or  spokes.     The  part  of  the  shaft 
in  which  these  arc   fixed,  extendi  i 
nearly  to  the  cen>ro   ')f  the    path 
round  which  the  aniiTial walks;  and  I 
com  pilous    to    it,    i.^   tli"    verticjd 
stint't  to  which    the   yoke    or  beiim  ' 
IS  iitiached  :  th<'  bottom  of  this  shaft 
has  spokes  inserted    into  it  similar  ' 
to  the  former,  and  which  take  hold 
of  them  in  succession,  and  thereby 
keep  tlie   wheel   or  noria  in   rota- 
tion.   See  No.  .50.     This  rude  con- 
trivance  is   common    through    all 
the  east,  and   is   in  all   probability  1 
identical   with   those   of  the  early 
ages;  in  other  words,  the  primitive  i 
substitute    of    the     modern     cog  j 

No.  50.     Norin  wiih  PuU.  wheel 

In  Besson's  '  Theatre  Des  Instnimena'  is  an  ingenious  device  liy  which 
a  horizontal  shaft  with  four  spokes,  as  in  the  last  figure,  can  impart  motion 
to  a  vertical  one,  at  any  distance  from  die  centre,  and  thereby  answer  the 
purpose  of  a  number  of  wheels  and   pinions   in  modifying  the  velocity  "j?  ' 
the  macliincry,  according  to  the  work  it  has  to  perform,  or  to  an  increase 
or  ditninuTion   of  the   motive  force  employed.      On  the  horizontal  shaft, 
(which  is  turned  by  a  crank,)  is  a  sliding  socket  to  which   the  spokes  are 
secured.     The  vertical  shaft  has  also  a  similar  socket,  which  is  raised  i>'»i  I 
lowered  by  means  oi  a  screw,  and   to  it,  arms  and  spokes  are  Wvll  sec.jr- 
ed.     These  are  arranged  in  the  form  of  a  flat  cone  ;  so  that  by  adjustiua  ' 
*iio  sockets,  the  spokes  iti  the  horizontal  shaft  can  be  made  to   take  hoitfJ 
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on  tiuxe  wh»-;h  form  the  cone  round  die  vertical  one  at  any  part,  from  iia 
tpct  to  its  base. 

Two  prominent  defects  have  been  pointed  out  in  ih"  noria.  First,  part 
of  the  water  escapes  after  being  raised  nearly  to  the  rc(]uired  elevation. 
Seond,  a  largfe  portion  is  raised  higher  than  tlie  reservoir  placed  to  re- 
ctnc  it,  into  winch  it  is  discharged  after  the  vessi/ls  Injgin  to  descend 
(Soe  No,  iO.  in  which  they  are  very  conspicuous.)  Conseciiiemly,  part 
of  the  [Hiwcr  expended  in  niovin£»  this  wheel,  produces  no  useful  etl'ect 
Tliwe  imperfections,  however,  did  not  escape  tlie  notice  of  ancient  me- 
ciuiiicians,  for  to  obviate  ihein,  the  Persian  wheel  was  devised,  and  sc 
ttmej  (i\>m  \[3  having  been  invented  or  extensively  used  in  that  countrj'. 

The  vessels  in  which  the  water  is 
raised,  instead  of  being  fastened  to  the 
rim,  or  forming  part  of  it,  as  in  the 
preceding  figures,  are  suspended  from 
pins,  on  which  they  turn,  and  thereby 
retain  a  vertical  position  throutrh  their 
entire  ascent ;  and  when  at  the  top  ara 
inverted  by  their  lower  part  coming  in 
contact  witli  a  pin  or  roller  attached  to 
the  edge  of  the  gutter  or  reservoir,  as 
represented  in  the  figure.  By  this  ar- 
rangement no  water  escapes  in  rising, 
'  nor  is  it.  elevated  any  higher  than  the 
P  edge  of  the  reservoir;  hence  the  defects 
^2=>-  in  the  noria  are  avoided  Persian  wheels 
it  is  believed,  have  been  used  in  Eu- 
rope ever  since  the  Romans  ruled 
over  it,  if  not  }>efore.  The  greatest  work  in  France  accoroing  to  Arthur 
Young,  lor  the  artificial  irrigation  of  laml,  was  a  series  of  them  in  Lan- 
guednc,  which  raised  the  water  thirty  feet.  In  a  Dutch  translation  of 
Vinci's  Crcorgics  in  1GS2,  they  are  represented  with  huge  buckets  like 
barrels,  saspended  from  both  sides  of  the  rim.  Tliev  are  common  in 
Switzerland  and  the  Tyrol.  Travels  in  Poland  by  D'Ulanski,  page  241. 
Thev  were  extensively  used  in  England  one  hundred  and  fifty  years  ugo. 
S»;e  nicL  Kusticum.  Lon.  1704.  We  are  not  aware  of  their  being  much 
eraploved,  if  at  all,  in  the  tinited  States. 

Tliey  are  common  in  various  parts  of  Asia.  "The  water  wheels  still 
osed  in  Syria,"  says  Mr.  Harrow,  "differ  only  from  those  of  China,  by 
having  loose  buckets  suspended  at  the  circumference,  instead  of  fixed 
ul«"."*  Dr.  Russel,  in  his  'Natural  History  of  Aleppo,'  (p.  20,)  says  the 
^  rnake  use  of  large  quttntitie-?  of  water,  "which  they  raise  with 

tif  wheel,"  from  the  river.      Perlinps  the   must  interesting  speci- 

mmis  ol  tiiesc  machines  extant,  are  to  be  found  in  another  and  yt^ry  ancient 
citv  of  .Syria;  in  Ihimath  on  tlie  Orontes.  so  named  after  its  founder,  one 
of  the  sons  of  Canaan.  "Two  days  Journey  below  Horns,  (says  V'olney) 
is  Hamath,  celebrated  in  Syria  for  its  water  works.  The  wiieels  are 
the  largest  in  the  country,  being  thirty-two  feet  in  diameter."  The  city  is 
bailt  on  l»oth  sides  of  tiie  river,  and  is  supplied  with  water  from  it  by 
means  of  them,  the  buckets  of  which  empty  themselves  into  stone  a(]ue- 
dijcu.  9»ipported  on  lofty  arches  on  a  level  with  the  grouml  on  whlrh  the 
citv  stands.  They  are  propelled  by  the  current.  Burckhardl  observed  about 
\  •Jozeo  of  them,  the  largest  hs  says,  "is  called  Naoura  el  Mahommeydo, 
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»nd  is  at  least  seventy  f»;et."'  Tliey  arc,  ho  remarks,  the  grratest  curiosity 
wliicli  a  modern  tnive'.er  can  find  in  the  city.  Tiieir  enormous  magnitude 
will  \)u  a^iparcnt.  it^  we  consider  tliat  tlie  luttie^st  class  of  buildings  in  this 
city,  (X.  York,)  those  ol"  six  stories,  seldom  exceed  sixty  feet.  If  there- 
fore, the  l.irirf'st  of  the  Persian  wheels  at  Hamaih,  were  placed  on  the 
pavem<.-nt,  with  its  side  towards  a  ransre  of  such  buildings,  it  would  oc- 
cupy a  space  nearly  equal  to  the  froi:ts  of  three  of  them,  and  would  ex- 
tend several  feet  over  the  roofs  of  the  hii^hest — and  twelve  of  them  would 
occupy  a  street,  one  sixth  of  a  mile  in  length. 

The  construction  of  the  water  works  of  Humath  have  probably  re- 
mained unaltered  in  their  general  desitrn,  from  very  remote  times.  The 
peculiar  location  of  this  city,  the  rapidity  of  the  river,  (named  El  Ausi, 
the  siri/},)  and  its  conseijucnt  adaptation  to  proi^el  unJeniliot  xeheds,  which 
we  know,  were  usfil  in  such  works  by  the  ancients,  render  it  prol>abIe 
that  the  present  modi;  of  raising  water,  is  much  the  same  as  when  this  city 
flourished  under  Solomon:  and  when  the  Romans  under  Anrelins,  over- 
threw the  ijueen  of  Palmyra  and  her  army,  in  its  immediate  vicinity;  and 
.■rom  the  great  antiquity  o<"  the  iKiria,  its  extensive  use  over  all  Asia  in 
former  aires,  and  its  peculiar  adaptation  to  Hamath,  and  the  tenacious  ad- 
herence of  the  orientals  to  the  d«!\ices  of  their  forefathers;  we  infer  that 
the  machines  which  IJurckhardt  beheld  with  admiration,  raising  the  water 
of  the  Orontcs,  were  similar  to  others  in  use  at  the  same  city,  when  the 
spies  of  .^Ioses,  searched  the  land,  '  from  the  wilderness  of  Ziii  unto  Rehob, 
as  men  come  to  Ilamulh.'^  These  wheels  may  be  cited  as  another  proof  uf 
the  preset vation,  (by  coutiiuial  use)  of  hydraulic  machines,  while  every 
other  mi'inorial  of  the  peo[)lc  by  whom  they  were  originally  used,  has 
lonii  since  disappeared. 

MoKKS  OF  PKOFEl.LiNG  THE  NORIA. — The  tyinpain.m,  noria,  chain  of 
pots,  atifl  even  the  screw,  were  often  turned,  according  to  Vitruvius,  by 
the  '  treading'  or  '  walking  of  men,'  i.  e.  except  when  employed  to  raise 
water  from  rapid  streams,  in  which  case  they  were  pnijH-'llea,  he  says,  by 
the  current  acting  on  float  boards  or  [)addles,  as  in  common  uiider-shol 
wheels.  There  is  a  difference  of  opinion  among  his  translators  respoctlnq 
the  mode  by  which  mm  movtjd  these  machines.  Ririus,  the  translator  of 
the  (Jennan  edition  of  lolS,  seems  to  have  thought  that  they  walked  round 
nn  upriirht  shaft,  (as  in  figs.  2G  and  .53,)which  they  turned  by  horizontal 
bars,  and  by  means  of  cog  wheels  communicated  the  re(]uired  motion 
He  has  also  rej)resented  the  noria  as  moved  by  men  turning  a  crank;  a 
mode  of  jiropelling  it  that  is  figured  in  the  first  German  edition  of  Ve- 
petiii's,  (loll.';  Barharo,  (1-5G7,)  represents  the  tympanum  as  moved  Sy 
acr:ink:  tti<!  noria  by  a  current  of  water;  and  the  chain  of  pots,  by  a 
VtivaA  wlicel,  like  the  one  fi'Tured  in  No.  24.  PerauU,  also,  in  his  figure  of 

•Tr.iviN  in  Syrin.  iiiiil  the  Holy  L;iiiil.     I.nii.  l>-22.  p.  140. 

'  Tlii-rp  .lit-  several  inlercHtini;  circiiiii?iluiii'iH  rccordcil  respeclins  Hamath.  Thi*  rity 
anil  Driiin^Riis  wcrt- rrrrnK-ntlv  siilijnct  ti>  the  Jews.  The  '  land  ol' Hnnialh,'  wiia  par- 
tic-iil'irly  futal  tti  them  anil  their  Icings.  Zeilekiah  wan  there  taken,  ami  his  sons  and  uo- 
hics  «lain  in  his  presence ;  his  own  eyes  were  then  piu  out.  and  he  was  carried  a  captive  to 
UahyloM,  wlieie  he  died.  Jer.  .\xxix.  5.  Pharaoh  Necho  there  put  Jeliiinhaz.  another  of 
their  kiii;.'s  in  houds,  whence  be  was  taken  a  prisoner  to  Kgypl.  and  confined  till  liif 
rii-alli.  '.J  Kings  xxiii.  :H.  .Among  tlie  Mlo^t  interesting  iliscoveries  of  modern  times. 
?onii>M;ted  with  the  ancient  history  of  this  people,  are  sculptureil  representations  at 
I'helic's.  of  the  Jews  captured  by'  .Shishak.  with  the  liieroslypbical  iascriplion.  '  Je 
liniiila  .Melee,'  king  of  the  Jews. '  From  the  iliscoveries  of  Voiiiig  and  Chanipollion. 
the  precision  with  which  the  dates  are  ileteniiined,  is  wonderful ;  '  many  of  the  sculp 
tares  have  the  dates  inscribed  to  the  day  and  the  montli.'  The  figure  of  the  Jewid: 
king,  is  supposed  to  be  a  correct  portrait,  for  we  are  lold  in  tiiosu  of  tlie  Egyptian  mo 
uarc-lis.  "  lue  likenesses  are  always  exactly  preserved." 
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Uir  t^'inpanum,  places  the  men  in  a  siini^.ir  one,  and  this  interpretation  of 
(Jietcul  has  boeii  sfi-nernlly  followed.  It  is  corrobf^ratej  hy  other  uncienf 
utSors,  »n<i  by  Vitruvius  hiin.felf,  in  Book  x,  ctip.  4,  where  he  spoiiks  of 
« whpcl  to  raise  wcigliLs,  '  liy  tlie  walking  of  men  therein,'  tliiit  is,  the 
crniraim  w«lking  crane.  Phitu,  who  w.xs  eonteinpornry  with  Vitriiviiis, 
:if  flimnjlicil  shortly  iilU-r  liim,  mentions  a  wheel  for  niisinsr  water,  which 
will  turned  hy  the  motjnn  of  men's  feet.  'I>y  their  ascemlin^  siicce5<iively 
lilt  mvcral  steps  that  are  williin  it.'  Tread  wheels  arc  menlinncd  also 
bv  Suetonius,  and  Strabo  speaks  of  some  for  raising  the  water  of  the  Nile, 
wiiicli  were  moved  by  a  hundred  and  tilty  slaves.  Mr.  Xewton,  llie  En- 
finli  tnnalator,  supposed  tlic  men  walked  on  tlic  oiitiiilc  of  tlie  wheel, 
'ive  llie  modem  tread  mill.  It  is  very  probable  that  this  mode  was  in 
aw  atuong  the  ancients,  for  it  is  common  in  Persia  ar<l  other  oriental 
:niin(nc*.  particularly  China,  where  it  :s  undoubtedly  of  great  aiiti(|tiity. 
Burharo  has  figured  the  Krrw,  as  propelled  by  men  pullin;?  down  spoken 
3a  the  periphery  of  a  wheel  attached  to  it,  or  by  trendinj^  on  them. 

Aljoiit  eighteen  years  airo,  a  person  in  this  city,  (N.  V')rk,)   took   oul  a 
patrnt  for  employin;?  animnU  to  propel  such  wheels.     A  horse  was  placed 
.icar  the  top  and  yoked  to  a  horizontal   beam   fixed    behind,   and   against 
which  he  drew.      In  January,  179.5,  a  Mr.  Kckhanif  obtained  a  patent  in 
England  for 'A  MetliiHi  iif  applying  Animals    to   .Machinery    in   general' 
His  plan  WHS  to  employ  cattle  and  all  oilier  bulky  animals  to  walk  on  the 
lop  of  large  wheels;   he  also  proposed  a  flt'xible  floor,  like  an  endlesis  chain 
which  pAssed    over  two  wheels,  and  fornieil  an  inclined    ])lane   on    which 
inlmals  walked,  and  to  increase  the  effect,  they   drew    a    loaded    cart   be- 
hind them.*     Si.xfy  years  before   tliis,   viz.   in  1734,  Mr.  W.  Cliurcliman 
exhibl'^d    l»efore   the   Royal   Society,   a   model   of  'A    new    Engine   for 
raising  Water,  in  which  Horses  and  other  Animals  draw  without  any  loss 
of  power.'     This  engine  was  a  series  of  pumps  worked  by  a  large  treail 
whoel,  on  the  lop  of  whicli  horses  were   made  to  draw  against  a  beam  to 
which  they  were  yoked.     He  also  proposed  to  employ  horses  at  the  same 
time  within  the  wheel.'*     But  the  contrivance  was  even  then  an  old  one,  for 
(0  Agricola,  a  horse  is   figured   imparting  motion  to  Ijcllows  by  walking 
upan  a  treat!  wheel.* 

■I'liere  i»  a  passage  in  the  second  chapter  of  the  Koran,  which  throwi 
tome  light  on  the  early  employment  of  animals  in  raising  water.  Among 
the  aticifnts,  it  was  a  prevailing  custom  when  they  sacrificed  an  ox,  or  a 
h'lifer,  to  select  such  as  had  never  been  broken  te  labor  :  hence  the  direc- 
tijii  of  the  Sibyl  to  Eneas. 

Stven  iHillnclct  yft  uiiyolnd,  for  Plwi'liiis  choose. 
Ami  fur  Omoa,  M;veu  unspotted  ewes. 

The  Israelites  also,  were  instructed  to  offer  "  a  red  heifer  without  spot 
wherein  is  no  blemish,  and  upon  which  ncrcr  came  yoke."  "  An  heifer 
which  hnth  nnl  brrn  wruu-shi  with,  and  which  hath  not  dl•llV^^l  in  the  yoke." 
One  which,  acconlmg  to  Mahomet,  was  "  not  broken  to  plimgh  the  earth, 
ar  w.»TKR  the  ficli."  Now  this  interpretation  is  not  only  consistent  with 
the  text  of  Muses,  but  is  exceedingly  probable,  for  the  Arabs  have  un- 
dnahtedly  preserved  with  their  indepeiuience  and  ancient  habits,  iraditicms 
of  numerous  transactions  referred  to  in  the  Pentateuch,  the  pariicnlurs  of 
jwbich  are  not  recorded  ;  besides  it  indicates,  what  indeed  might  havv: 
tn  inferred  :  viz.  that  the  principal  employment  of  animals  in  llui  early 
B«,  was  to  plough  and  irrigate  the  soil,      liut  when  in   process  of  time 

*Jlcp«ru>rv  of  .\rt».  I^ii.  1795.  Vol.  ii.  ''f\\A.  Traiw.  .\bri(lie(I  bv  .Mortyn,  viii,  :i2i 
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nunian  population  became  dense,  then  animal  labor  was  in  some  clcgr<>e 
■upei-seded  by  tliat  of  man.  The  extensive  employment  of  the  latter 
appears  to  have  been  a  prominent  feature  in  the  political  economy  of  an- 
cient Egypt,  just  as  it  is  in  modern  China.  As  the  country  teemed  with 
inhaliitants,  the  extensive  use  of  animal  labor  woiild  not  only  have  inter- 
fered with  the  means  of  the  great  mass  of  the  former  in  obtainine:  a  liviiiu, 
but  would  have  required  too  large  a  portion  of  the  laud  to  raise  food 
merely  for  the  latter.  ^^_^ 

The  antiquity  of  the  noria  may  be  inferred  from  its  name  of  "  Egyptian 
wheel,"  the  only  or.e  by  which  it  was  known  in   some  countries.     It  is  to 
be  found   if  we  mistake  not,  among  the  symbols  of  ancient   mythology, 
[n  elucidating  one  of  the  religious   precepts  of  Numa,  which   required 
|)ersons  when  worshipping  in  the  temples,  to  turn  round;  Plutarch  ob- 
serves, that  this  change  of  posture  may  have  an  enigmatical  meaning,  "  like 
the  EciVPTi.w  WHEELS,  admonishing  us  of  the  instability  of  every   thing 
human,  and  preparing  us   to  ac<juiesce  and  rest  satisfied   with  whatever 
turns  and   changes  the  divine  being  may  allot."     Life  of  Xuma.     This 
figurative  application  of  the  noria,  is  obviously  used  by  Plutarch  as  a  com- 
mon and  conseijuently  a  long  established  symbol  of  the  mutability  of  human 
affairs  ;  and,  as  the  sentiment  which   he   illustrates   by  it  is  precisely  the 
,    .  tame,  as  that  which  the  wheel   of  the  gwldcss  nf  furtune  was  designed  tc 
UU\   hrf<"i.w|)oInt  out,  the  "  instability  of  fortune,"  and  of  which  it  was  the  emblem, 
•    n      '       we  conclude  that  the  "  wheel  of  fortune,"  was  a  water  whdtl,  and  no  oth- 
/  *  er  than  the  NOKIA  ;  and  that  to  it,  the   Cirecian  philosopher  in  the   above 

A  /*">«*'»»^,passage  referred.     The  selection  of  an  Egyptian  wheel  to  rfenote  the  mu- 
(^  f^'/i-.-AiW-^'lily  "f  human  affairs,  indicates  the  origin  not  only  of  Plutarch's  simili- 
/,      ^^Jtude,  but  also  that  of  th(?  fable  of  the   goddess.     Egypt   was  the   source 
*.         '^^  Zwhence  the  Greeks  obtained  not  only  their  arts  and  science,  but  also  their 
,  .  *9  .  .  yt^mythology,  with  its  deities,  heroes  and  its  mysterious  system  of  symbolical 
..  J,»/fc>tt'nagery ;  and  if  the  Egyptians  were  not  the  inventors  of  the  system  of 
"^     _».    ^ -^presenting  and  concealing  things  by  symbols,  they  certainly  carried  it  to 
•>.  ,,  yL  greater  extent  than   any  other  people,  and   at  a  period  long  before  the 

••■**  V  ,  !(jrreeks  had  emerged  from  barbarism,  or  an  Egyptian  colony  had  settled 
^/)  „rA-.  -*.j„  jIjpJp  country. 

'/***    /•",'      Although  we   are  not  aware   that  the   wheel  of  fortune  had  any  other 
•"  *~//""j!][^signification,  yet,  as  the  same  gixldess  presided  over  riches  and  abunu- 
/^  ^*^~  r \sc¥. — a  more  expressive  emblem  of  these  in  Eovpt  could  not  have  been 
ttitrf'  devised.     Agriculture  was  the  grand  source  of  wealth   in  that  country, 

'-(:*«-"  ^2S^  *"'^  *'  depended  almost  entirely  upon  artificial  irrigation,  for  exoept  dur- 
bffV'-      2   ing  the  annual  inundation  of  the  Nile,  water  was  raised  for  that  purpose 
I      ■  ,.^,  „„ '•y  machines,  and  among  these,  the  nor.a  was  one  oi  the  most  prominent, 
■!     .  ,    .-,4 *iid  probably  one  of  the  most  ancient.     Egypt  without  irrigation   would 
I*    "'  "  ."lave  been  a  dreary  waste,  and  like  its  neighboring  deserts  uninhabited  by 

*•  1  ^  '  ,,  man;  but  by  means  of  it,  the  sod  Iwcame  so  exceedingly  fertile  that 
>*t  '?,'■"  Egypt  became  "the  garden  of  the  east," — the  "  hot  bed  of  nature,"  and 
\,  the  "granary  of  the  world."     It  was  artificial  irrigation  which,  under  the 

Pharaohs,  produced  food  for  seventeen  millions  of  inhabitants,  and  in  the 
reign  of  Rameses  or  Sesostris,  a  surplus  sufficient  for  thirty-three  millions 
more  ;  and  even  under  the  Grecian  yoke,  when  its  ancient  glory  had  lone 
departed,  the  prodigious  (]uantities  of  grain,  which  it  produced,  enabled 
Ptolemy  Philadelphus;  to  amass  treasure  equal  to  nine  hundred  and  fifty 
millions  of  dollars.  There  was  therefore  a  peculiar  propriety,  whether 
designed  or  not,  in  the  goddess  of  "  prosperity,"  "  riches,"  and  "  abund- 
ance," being  accompanied  with  the  noria  or  Egyptian  wheel,  the  imple- 
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mcnt  which  contributed  so  grenlly  to  produce  them.  The  manniT  in 
whirh  this  dcitv  was  sometimes  icprt-sciited,  ajipears  to  have  had  direct 
referp nee  to  ttgricuUiirt*  and  irrigation.  Slie  was  seated  on  rocks,  (eri.- 
hlems  ot'  sterility  ?)  the  wheel  bv  her  side  ard  a  river  at  her  feel,  (to  sig- 
nify Irnirntion  1)  «nd  she  held  wheut  ears,  and  flowers  in  her  hand.  But 
whelher  the  nncicnt  Egyptians  adopted  the  noria  or  not,  as  the  emhiem 
of  wealth  and  irriiration,  one  of  llieir  most  favorite  symbols  has  direct 
reference  to  the  latter,  and  indirectly  to  the  former:  viz.  the  srill.VX; 
figures  of  wliich  have  [>ven  found  among  the  ruins,  from  one  end  of  the 
country  to  the  other.  This  figure  consists,  as  is  universally  known,  of  tlie 
the  head  and  ht('a3.ts  of  a  woman,  united  to  the  body  of  a  lion,  and  was 
(vmbulica.1  of  the  annual  overflow  of  the  Nile,  which  occnrred  when 
the  sun  passed  tlirough  the  zodiacal  signs,  Leo  and  I  iriio — lience  the 
coDibiiiation  of  ihese  siinia  m  the  Sphinx,  as  an  oinhletn  oi'  that  general 
irriffation  of  the  land  once  a  year,  upon  which  their  pnis])erily  so  greatly 
depended.  This  was  the  origin  of  passing  streams  of  water  through  the 
mouths  of  figures  of  lions,  and  sometimes,  though  mure  rarely,  of  virgins,  a» 
in  the  figures  below — which  are  taken  from  Rivius'  translation  of  Vilruviun 
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Sn.  Sa,    Orifice*  of  Pipes,  &c.  f/njbolicut  nt  Irriffalioti. 

The  analogy  betwt>en  the  form  and  ornaments  of  an  object  and  its  uses, 
teems  to  have  always  been  kept  in  view  by  the  ancients;  although,  from 
our  irap«.'rfect  knowledge  of  them,  it  is  diflicult  and  sometimes  ijnpossible 
10  perceive  it.  That  they  displayed  unrivaled  skill  in  some  of  their  de- 
signs and  decorations  is  universally  admillcd.  There  is  certainly  no  na- 
tural analogy  between  a  lion  and  a  fouiiliu'n,  and  no  obvious  propriety  in 
making  water  to  flow  out  of  the  mouths  of  figures  of  these  animals;  on 
the  contrary,  they  appear  to  be  very  inappropriate;  but  when  we  learn 
that  the  Imn  as  an  astronomical  symbol,  was  iniiiiialely  associated  with  a 
great  natural  hydraulic  operation,  of  llie  first  importance  to  tlie  welfare 
of  the  Egyptians,  we  perceive  at  once  their  reasons  for  transferring  figures 
of  it  to  artificial  discharges  of  the  liquid,  and  hence  the  orifices  of  cocks, 
pi|Krs,  and  spouts  of  glitters,  fountains,  &c.  were  decorated  as  above.  In 
some  .ancient  _/</«n/ff(«j(,  figures  of  virgins,  as  nymphs  of  springs,  leaned 
upon  urns  of  running  water.  In  others,  vases  orcrtumcii,  (with  figurtjs 
of  .Aquarius,  Oceanus,  &:c.)  a  beautiful  device.  Lions'  heads  for  spouta 
are  very  common  in  Pompeii. 

There  is  another  ancient  emblem,  and  one  that  is  universally  admired, 
which  rnay  here  be  noticed,  as  its  origin  is  associated  with  crtijicial  h  fi- 
xation— the  CoiiNfcopiA,  or  '  Horn  of  Abundance.'  This  elegant  symbol 
:s  probably  of  Egyptian  origin,  for  Ibis  was  stimetimes  represented  with 
11.  and  /tti.  in  the  Egyptian  language,  signified  the  'cause  of  abundance.' 
We  have  already  seen  that  irrigation  was  and  still  is,  the  principal  source 
of  plenty  in  Egypt;  and  water  in  the  scriptures  is  repeatedly  used  in  the 
j«nie  sense.  To  understand  the  alh-gory,  it  must  be  borne  in  mind  tha 
rtvcrt  were  anciently  compaied  to  Mis;  the  reasons  for  which  at  this  re 
tnote  peiiod,  are  not  very  obvious  ;  perhaps  ajnong  others,  from  the  noiBi 
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of  rapid  t  reams,  bearing  sobip  resembance  at  a  dlstatice,  to  the  lowing 

and  bellowing  of  these  animals ;  and  the  branches  of  rivers  were  com- 

i'^  pared  to  their  horns;  thus,   the  small  branch  of  tlie  Bosphorus,  which 

tornis  the  harbor  of  Constantinople,  still  retains  its  ancient  name   of  the 

f.-^.'       '  Golden  Horn ;'  and  in  sonic  of  our  dictionaries,   'winding  streams'  i« 

'^        given  as  one  of  Uie  definitioni,  tif  hems.     The  bull  which  .is  common  on 

yyi.-         some  Greek  coins  is  supposed  to  have  been  the  symbol   of  a  river,  per- 

j     haps  from  the  overflow  of  some,  when  the  sun  parsed  through  the  zodiacal 

'•^/''^"sign  TaurU)!.     According  to  the  Greek  version,  one  of  the  branches  of  the 

c/'  ^*^. river  Achdous  in  Epirns,  was  diverted  or  broken  off  by  Heicuies,  to  irri- 

a«  <t»»i--^te  some  parched  lane    in  its  vicinity.     This,  like  odier  labors  of  that 

.i.**    ^»   hero,  was  allegorized  by  representing  him  engaged  in  conflict  witli  a  bull, 

^,  *•»■<  (Achelous)  whom  he  overcame,  and  hroke  off  one  of  hU  horns;  and  this 

horn  being  filled  with  fruits  and  flowers,  was  etnblematical  of  the  suhse 

guetU  ferlilily  of  the  soil.     Ovid  describes  the  concest,  when  that  hero 

'twiit  ng e  and  acom. 

From  his  mHinied  front,  lie  tore  the  stni>barii  hum. 
This,  heiip'd  with  Sowers  and  fruits,  the  Naiudii  bear, 
Sacred  to  plenty,  and  tlie  bounteous  year. 
*  m  .  t  •  a 

But  Achelous  in  his  onzr  bed 
Ucep  hides  his  brow  deiorni'd,  ami  rustic  head, 
No  real  woinid  the  victor's  triumph  shovv'd. 
But  his  '.osi  honors  griev'd  the  water)-  god.    ilfel.  ix. 

Thus  river  gods  were  so-nriM'tass  repn.'sented  with  a  cornucopia  in  one 
hand,  and  the  other  res*'!  q.  on  a  vase  of  flowing  water. 

Another  interesting  tlio^ury  t-f  the  ancients  has  reference  to  water  ; 
the  fable  of  Medea,  who  it  was  said,  by  boiliHg  old  ])eople,  made  them 
young  again,  referred  to  wnnn  or  ,'apor  batlis,  w'licli  slie  invented,  and  into 
which  she  infused  fnigrant  herbs — in  other  woios,  the  'patent  medicated 
vapor  baths'  of  the  present  Jiiy.  She  also  posse  4S(^d  the  art  of  changing 
the  color  of  the  hair.  When  therefore,  by  her  f  imcntat ions,  persons  ap 
peared  more  active  and  improved  in  health,  and  their  grey  hairs  changed 
into  ringlets  of  jet,  the  belief  in  her  magic  powers  became  irresistible — 
and  when  at  length,  her  apparatus,  i.  e.  the  cauldrops,  icood  and  fire,  ifc. 
were  discovered,  (which  she  had  sedulously  concealed,)  it  was  supposed 
J  I  that  her  patients  were  in  reality  hoihd.  From  Ovid,  it  seems  she  had  the 
modern  sulphur  bath  also,  and  used  it  in  the  cure  of  .£8on,  the  father  of  her 
husband  Jason : 

the  sleeping  sire. 

She  lustratcs  thrice  with  sulphur,  water,  fire. 

•  •  •  »  • 

His  feeble  frame  resumes  a  youthful  air, 

A  glossy  brown,  his  hoary  heard  and  hair. 

The  meagre  palenes.«  from  his  .ispect  Hed 

And  in  its  room  sprang  up  a  Hurid  red.     tStt.  vii. 

This  lady  was  the  great  patroness  of  herb  and  steam  doctors  >  old  ;  ani 
may  be  considered  the  ancient  representative  of  modern  manufacturers  fif 
specifics,  which,  as  they  allege,  (and  often  truly)  remove  all  diseases.  The 
fable  of  her  slaying  her  own  children  in  the  presence  of  Jason,  is  easily 
explained  by  ht  r  administering  to  them  the  wrong  medicipe,  or  too  large 
a  dose  of  the  right  one ;  the  latter  was  certainly  the  case  with  old  Pclias 
who  expired  under  it. 

Having  noticed  in  this  chapter  the  supposed  origin  of  cog-wliecis,  we 
may  as  well  introduce  here  an  ancient  mechanic,  to  whom  we  shall  have 
occasion  hereafter  to  allude ;  one,  whose  name  is  intimately  associated 
with  the  most  valualile  machines  for  raising  water,  and  with  several  ini 
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untftnt  improvement?  in  the  mechanic  arts.  As  ihe  earliest  d'stiiictnoticr 
vfcog-vriiecU  is  in  the  ilcscnption  of  one  of  his  tnacbiiics,  (see  the  clep- 
»)dra,  pii2e  547.)  we  mny  us  well  introduce  him  lo  the  render  at  thi« 
p»i1  »\  our  subject,  allhcuiijh  wo  have  not  vet  in  the  progress  of  our 
wiirk,  srnved  at  the  por.od  at  which  ht  Hoiinslied. 

During'  Uie  rtigu  of  Piolemy  I'hilndeliihiis  over  Egypt,   an    Ei'vptian 

IwOtT  pursued  liis  vocatio:.  in  the  ciiy  of  Ali-xandria.    Like  all  professors 

Ftljat  ancient  mvsttjrv.  he  r-cissessed  besides  the   inferior  apparatus,   the 

jtntausx  essential    imiiltrnenU'  of  all ;  b.   razor   and   a   looking  glass,  o** 

mirnir,  pnibablv  o  niel&.1lic  one.     'i  his  tnirro.',  we  are  informed,  was  siis* 

/lendod  from  the  ceiling   of  his  shoe     and    balanced  by   a  weight,    which 

moved  in  a  conceah-d  case  in   out    cc-rner  of  the   room.     Tliiis,   when   a 

customer  hotl   umlergoue  the  usub.   piirifyu.g  o]>ci'ations,  he  divw  duwu 

the  mirror,  that  he  might  witness  Uje  improvement  which  the  artist  hod 

wrought  on  his  outer  man ;  and,  like  Otho, 

In  tiie  Sp«ciiluin  survey  liis  cliarmn      Jm.  Sal.  ii. 
ifter  which  he  returned  i;  to  its  former  position   for  the  use  of  the  next 
custop'or.*     It  would  seerc  that  tl.t.  civse  in  which  the  weight  moved   was 
encloM'd   at  the   l)ottoii_   or   pietiy   accurately   made,   for  as   llie  weight 
moved  in  it,  and  displaced  tht.  i'lr,  a  certain  sound   v/is  produced,   either 

*Mrtii!lie  mirror*  furniitli  one  of  tlip  litrt  prnorn  or  skill  iu  wnrkiiiie  llii!  niptnis  in  tlia 
r*mnti>«t  tiaiea.  for  their  aiili(|Ui>y  oteiiiln  lievoiul  nil  recorda.  Iu  Ihi;  lir^>t  luici'o  <il'hi4- 
lory  tlioy  un  nirnlioncd  a<  in  coni'iion  u<ic.  The  limrnn  liiNcr  of  the  rulxrimcle, 
wii»  made  of  tnf  niirror?  of  Ihf  I*rneliti,in  women,  which  they  carried  witli  iheiii  ou:  o{ 
Eir>'pt     I'roin  souip  (oiiiid  nt  Tl»-li<?«.  a"  well  iw  rrnrroMit.'itiont  of  others  in  the  sciilp- 

Inr--   --1  '  ■  ■■■• ■;-,  we  *«»e  nt  oiire  th.il  !lii'«*«   'Inokiijff  iriftwrf*,'  (Ji«  Ihev  nre  r:i|lrd   in 

h\  il.ir  to  lii(»..p  ol*  Gr»»f:k  and  Kiiii>:u)  huhw*  :  vix.  round  or  "v:il   platen 

ol  ■■'  '  '■  I"  fix  iiirln:'<  in  iliMiiii'lir,  nnd  liuvina  hiiniilcs  of  wood,   sloiie  and 

mrtal  iiizidy  i»niauH'iiicd  iitifl  of  v:irijti«  foruis,  acrordiiitf  lo  Ihi'  tnste  of  the  wenror. 
L  t>oiiip  ti:i^»*  lt»'»'ii  (■•'ind  in  Ki5_\-pl  with  the  lustre  pnrliiilly  prc.<t.rvpd.  They  nre  niin- 
^^^o--  "I'Pr.  Mild  niitiiiioii)  or  tin,  nnd  lend  ;  nnd  npppnr  lo   Ikm  <•  been 

^^B^-''  <eciiri<d  to.  or  I'li'priided  from  the  girdle,  m   piiiriiHhinii!!  nud 

^^%P:  ..  urn  and  nre  I.O  »till   hv   some   aiiti<[iint*'d   lndii'.<.     Tin;   tirreki^ 

I      •!  hnd   them  niso  of  »ilver  nnd  ol"' »(rf/.     Suiiip  of  the  Inner  weie  found  in 

I       II.'  n.     lliilHrrli  mention*  luirrom  enclosed  in  very  rich  frniiieK.     .Among  Ihu 

I  wttcle*  i>i  ilip  toilet  foiiiiil  in  Pompeii,  are  enr-rincK,  golden  niul  common  pins,  and 
I  •rveral  nielaliie  mirrors.  One  is  round  nnd  eight  inclipi  in  dinmeler.  the  other  an  oh 
■  long  jcjiiare.  They  hnd  them  witii  plane  HUrfnce?.  nnd  uUo  convex  nnd  roiirn\e.  8e 
I  Bee*  (ayK  hi.'cniintrywniiu'n  hnd  lliein  nl^o.  pipml  in  length  nnd  hrendlh  lo  n  full  erown 
I  p«f»on.  fupeibly  decorated  witli  pold  nnd  .silver,  nnd  (ireeioiis  ."tones.  Their  liuuiy  in 
thif  article,  »ecin«  to  have  been  cxcewive.  for  the  co.«l  of  one  orten  exteeded  n  mo- 
derate fortune.  The  dowry  which  llie  Senate  gnve  the  daii^^titer  of  Scipio.  necordiii^ 
tn  Scnecn,  wonlil  not  piin-h.'i.se  in  hi"  lime,  n  mirror  for  Uie  dnuchter  of  n  freedmnii. 
The  .\nslo  S.xiou  dames  hnd  portable  inetallic  mirrors,  and  wore  them  »ii«peiid>.d  from 

thr ■       It  i.«  not  a  htle  oin^ulnr  thnt  tlie  nncient  I'ernvians  had  tlieiii  nUo.  fermed  of 

f  ^i  '  and  \\n  alloys,  and  also  of  ob.sidinn  stone.     1*1iey  Irid  them  plane,  ronrox, 

•  i:  Hnd  not  tjin  art  of  ninlcing  lliese  niirrurii  been  revived  in  tlie  ^[>i.ciilunis 

wf  redt.i-iinz  telcscojic.*,  tlieir  lustre  could  hnntly  hnve  been  npprecinied :  nnd  Ihey 
would  probably  have  been  considered  ok  inditferent  »uh;titiites  for  the  modern  looking- 
clajft.  These  Iii^l  nre  supposed  to  have  been  maniifnclured  in  ancient  Tyre,  nnd  of  • 
black  colored  ali«.s«.  Fluid  lend  or  tin  was  nfterwnrds  n«ed.  It  was  poured  on  th" 
pUtcs  while  they  were  hut  Irom  tlie  tire,  nnd  beine  siiti'ered  to  cool,  formed  a  bnek 
which  retl*'cted  tli«  image.  Luokiiig-ghm^s  of  Uii«  description  were  made  in  Venice, 
in  tlie  l.'illi  century.  It  was  not  till  uhout  die  lOlli,  tliat  the  present  made  of  coaling  tlie 
back  with  quicksilver  and  tin  foil  was  introduced.  The  invenlor  is  not  known. 
Vrous  nils  MiinetiuicK  represented  with  a  speciiliiin  in  one  hnnd,  nnd  the  nstronomleal 
riTiibol  of  the  planet  Venus  in  the  lieure  of  one.  There  is  n  chernieal  exniiiinniio" 
of  an  Qri('i«'iil  ..p''i;iilum  in  tlie  ]7di  volume  of  Tillncli's  Phil.  Mug. 

Buriirj  (li'Urir'lied  IU  llie  myiholiigic  ages,  for  Apiillii  hnviiij  pridonged  the  ears  of 
Midfts  to  a  Irnctti  resenibling  tSose  of  a  certain  anitnul,  the  latter  it  is  said,  endeavori'd 
to  hide  uis  aiKsrnee  by  Ifn  hiiir.  but  foand  it  iniposaible  to  cunceid  it  'roiu  his  iari«r 
froue  nz'>rs  were  ancienllv  :oniiiion. 
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by  its  (ixpulsion  thnmgh  some  small  orifice,  or  by  its  escape  between  the 
•ides  of  the  case  and  the  weight.  This  sound  had  probably  remained 
unnoticed  like  the  ordinary  creakingf  of  a  door,  perhaps  for  years,  until 
one  day  as  the  barber's  son  was  amusing  himseil'  in  his  father's  shop,  his 
attention  was  arre.«U.'d  by  it.  This  boy's  subse(]nent  reflections  induced 
him  to  investigate  its  cause  ;  and  from  this  simple  circumstance,  he  was 
led  eventually  citlier  to  invent,  or  greatly  to  improve  the  hydraulic  organ, 
a  musical  instniment  of  great  celebrity  in  ancient  times.  His  ingenuity 
and  industry  were  so  conspicuous,  that  he  was  named  '  The  Delighter  ip 
Works  of  Art.'  His  studies  in  various  branches  of  natunil  philosophy, 
were  rewarded  it  is  said,  with  the  discovery  of  the  pump,  air-gun,  fire-en- 
gine, &c.  He  also  greatly  improved  the  clepsydra  or  waler-clock,  in  the 
construction  of  which  he  introduced  twuhed,  wheels,  and  even  jetctled 
holes.  V'itruvius,  ix,  9.  These  incient  time-keepers,  were  therefore  the 
origin  of  modern  clocks  and  watches.  Now  this  bii  ber's  son  is  the  indi- 
vidual we  wish  to  introduce  to  the  reader,  as  CxESih  us  op  Ai.exaxuria, 
one  of  the  most  eminent  niaihamalicians  and  mechanicians  of  antiquity- 
one,  whose  claims  upon  our  esteem,  are  not  surpassed  by  those  of  anv 
«^ther  individual,  ancient  or  modern. 

It  will  be  perceived  that  the  simple,  the  trivial  sound  produced  by  the 
descent  of  the  weight  in  his  father's  shop,  was  to  him,  what  the  fall  of  the 
apple  was  to  Newton,  and  the  vibration  of  the  ia-Tip  or  chandelier  in  tlie 
ciiurch  at  Pisa,  to  (lalileo.  The  oircuni.stance  presents  another  to  the  nu- 
merous proois  which  miijht  be  adduced,  that  inquiries  into  the  causes  of 
the  most  trifling  or  insignificant  of  ,ihysiiial  effects,  are  sure  to  lead,  di- 
rectly or  indirectly,  to  important  results — "vhilc  to  yo'in?  men  especially, 
it  holds  out  the  greatest  encouragement  to  occ.ipy  their  leisure  in  useful 
researches.  It  shows,  that  however  unpropitioiis  iheir  circumstances  may 
l)e,  they  may  by  industrious  application,  become  distinguished  in  science, 
and  may  add  their  names  to  those  of  Ctesibius  and  Franklin,  and  many 
others — immortal  exam])les  of  the  moral  grandeur  of  irrepressible  per- 
Keverance  in  the  midst  of  dilHculties. 


CHAPTER    XV. 

TtlE  CHAIN  OF  POTS— lu  origin— Vsnl  in  JoMph'a  well  at  Cairo— Numeroui  in  Egypt— Attempt  U 
Beizooi  to  aupenftdo  it  and  the  noria — Chain  of  pota  of  the  Romans,  Hindoos,  Japanese,  and  EuropeaaiH-' 
Described  by  Agricola — Spanish  one — Modern  one — Applications  of  it  to  other  purposes  than  raisinf 
vatcr — Employed  as  a  first  mover  uiid  substitute  for  overshot  wheels— Francini's  machine— Antiquity  ol 
the  chain  cf  pots — OHsu  cunfuumleti  with  the  noria  by  ancient  and  ratidern  authors — Introduced  into 
Greece  by  Danaus — Opinions  of  modern  writers  on  its  antiquity— Referred  to  by  Solomon — ^Babylonian 
engine  that  raised  tbe  water  of  the  Euphrates  to  supply  the  hanging  gardens — Rope  pump — Hydraulic 
Belt. 

The  tympanum  and  noria  in  all  their  modifications,  have  been  consider 
ed  as  originating  in  the  gutter  or  jantu,  and  the  swape  ;  while  the  ma- 
chine we  are  now  to  examine  is  evidently  derived  from  the  primitive  cord 
and  bucket.  The  first  improvement  of  the  latter  was  the  introduction  of 
a  pulley  (No.  11)  over  which  the  cord  was  directed — the  next  was  the  ad- 
dition of  another  vessel,  so  as  to  have  one  at  each  end  of  the  rope,  (Nos. 
13  and  1 1)  and  the  last  and  most  important  consisted  in  uniting  the  ends 
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e»f  the  rope,  and  securing  to  it  a  numlwr  of  vpssels    it   equal  (]is'.ai!ceii 
tilttnjsh  tbc  whole  of  its  loii<;th — and  the  cil.UN  op  pots,  was  the  result. 

The  genera!  construction  of  this  machine  will  appear  from  an  cxamin- 
afioo  of  those  which  are  employ»?<J  to  raise  waler  from  Josrpli's  well 
at  C^iTo,  teprcsent"d  at  pace  40.  Above  the  mouth  of  each  shaft  a 
V  \Keel  is  piaceil :   over  which  two  endless  ni[ies  pass  and   are  sus- 

I-  .im  it.      Thost  are  kept  r.Hraliel  to,  anci  at  a  stmrt  distance    from 

pach  oihpf.  hy  ruiiif?  secured   to  iheiii  at    retruliir  intervals,  so  thai  when 
iu»  united,  thev  form  an  endless  ladder  of  rojM'S.      The   rungs  are  some- 
timrg  of  wood,  but  more   fre<]uenlly  of  cord    like    the   shrouds   of  a  ship, 
and  the  ^vhole  is  of  such  a  length  that  the  lowest  part   hangs  two  or  three 
feet  below  the  surface  of  the    water  that  is   to  lie   raised.     Between  the 
mngs,  earthenware  vases  (of  the  form  figured  No.  7)  are  secured  hy  corda^^ 
roitoj  the  neck,  and  also  round  a  knob  formed  on  the  but  torn  for  that  pur-      , 
pose.     Sec  A,  A,  in  the  figure.     As   the  axis  of  the   two   wheels  are  at   /A-' 
nght  angles  to  each  other,  two  scpnrate   views   of  the  chains   are   repre-    *»  Z,   | 
teoted.     In  the  lower  pit,  both    ropes  of  one  half  of  the  chain   is  seen  ; 
wktle  In  the  upper,  the  whole   lenath  of  one  is  in   view.     The  vases  or  If^ I 
pots  are  so  arranged  that  in  [lassing  over  the   wheel,  they  fall  ui   between 
the  spokes  which  connect  the  two  sides  of  the  latter  together,  as  shown  in 
the  section  ;   and  when  they  rcnch   the  top,   their  contents  arc   discharged     /, 
mtn  a  tmugh.      [In  some  machines  the  trough  passes  under  onerim  which 
is  made  to  project  for  that  pur]>nse;  in  others,  it  is  placed  below  the  wheel  , 
and  between  the  chains.]     There  are  in  the   upper  pit,  one  hundred  and 
tkuty-eight  pots  and  the  distance  from  each  other  is  about  two  li-et  seven 
inches.     The  contents  of  each  arc  twenty  cubic  inches.     The  wheels  that 
carry  the  chains  are  six  feet  and  a  half  in  diumeler.     They  are  put  in  mo- ' 
lion  by  cog  wheels  (on  the  opposite  end  of  their  axles)  working  into  oth- 
ers that  are  attached  to  tiie  perpendicular  shails  to  which  the  blindfolded  / 
animals  are  yoked. 

The  chain  of  pots  in  Egypt  is  named  the  Sakia.  Its  superiority  over 
the  noria  and  tympanum,  &c.  in  being  adapted  to  raise  water  from  every 
depth,  has  caused  it  to  be  more  exter.sively  em|>loyed  for  artificial  irriga- 
tion than  any  other  Egyptian  machine — hence  it  is  to  be  seen  in  ojwration, 
ail  aloncf  the  borders  of  the  Nile,  from  its  mouth  up  to  the  first  cataract. 
In  Upper  Egypt,  and  Nubia,  they  are  so  exceedingly  numerous  as  to  oc- 
cur every  hundred  yards  ;  and  in  some  cases  they  are  not  foriy  yards  apart. 
Their  numliers  and  utility  have  rendered  them  a  source  of  revenue,  for  wa 
are  informed  that  each  sakia  is  taxed  twenty  dollars  per  annum,  while  the 
•wape  is  assessed  at  half  that  amount.  They  are  also  common  in  Abys- 
sinia. They  wei-e  noticed  there  by  Poncet  in  169S.  Wlien  Siimh/s  was 
in  EgTi'pt,  A.  D.  1611,  the  great  number  of  sakias  did  not  escape  his 
observation  :  "  Upon  the  banks  all  along  are  infinite  numbers  of  deepe 
and  spacious  vaults  into  which  they  doe  let  the  river,  drawing  up  the  wa- 
ter into  higher  cesterns,  wiili  wheeles  set  round  with  pitchers,  and  turned 
about  by  butfaloes."     Travels,  page  118. 

An  attempt  was  made  some  years  ago  by  an  enterprising  European  to 
•uper-iedc  the  employment  of  these  machines  in  Egypt,  which  on  account 
of  the  interesting  circumstances  connected  with  it  may  here  be  noticed. 
lu  thv  latter  part  of  the  last  century  an  intelligent  young  man  of  Padua 
was  d''«lgned  by  his  parents  for  a  monk,  and  was  sent  to  Home  to  receiva 
in  appropriate  education.  His  inclination  however  led  him  to  prefer  tho 
(tody  of  natural  philosophy  to  that  of  theology,  anil  particularity  hyilrau- 
lics.  Upon  the  invasion  of  Italy  and  capture  of  Rome  by  the  French,  lie 
w»f  dervd  over  various  parts  of  Europe,  supporting  himseU"  by  p'iblicly  per- 
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forming  feat*  of  a^lity  ard  strength,  aiul  by  scicnufic  exhibitions.  Afu»» 
roving  tiius  for  fifteen  yean,  ne  ileicrmiiied  to  visit  Egyot,  undrr  the  belie? 
that  he  wo  ilil  .nake  his  I'ortunc  iJiere  by  intro<J-_  "»;j^  mai.  i-nory  on  tlio  prin 
ciplo  of  llie  pump,  as  substitutes  for  the  norin  and  r.hair.  ot'  pots,  &c.  la 
June  lSl-3.  he  lundcd  at  Alexandria,  ai,J  after  some  jeiay  was  introdu- 
ced to  Malioriiiued  Ali,  (the  present  lasha.)  wlio  approved  of  liis  project, 
ard  in  \vlio*e  gardens  at  Souora,  three  inilci  from  Cairo,  he  co'.structcd 
h'B  macliine.  But  no  sooner  was  ;t  completed  and  put  in  operalior  than 
he  discovered  in  the  Turkisli  and  Arabic  cultivators  an  unconquerable  op- 
[osilion  to  its  introduction.  Indeed  this  result  might  have  been  anticipa- 
ted anii,  if  we  are  not  mistaken,  tliey  'vere  riirht  in  preferring  tJieir  own 
simple  apj>aratug  to  an  elaborate  machine,  of  the  principle  of  whose  action 
lliey  were  utterly  i^^iiorant.  Their  rejection  of  it  was  looked  upon  as  an- 
oilier  example  of  sujH-rstitious  adherence  to  the  imperfect  mechanism  of 
former  ages;  but  under  all  the  circumstances,  it  was,  we  liclievc,  an  evi- 
dence of  the  correctness  of  tiieir  judsment.  Thus  disappointed,  his 
brightest  hoiH-s  blasted,  and  his  pecuniary  resources  all  but  exhausted— 
for  he  received  no  renumi-ration,  either  for  the  loss  of  his  lime  or  hii 
money — he,  with  iin  enerjjy  of  character  deserving  al!  praise,  determined 
to  make  the  V-st  of  his  misfortunes.  He  therefore  turned  his  attention 
to  that  sul)jec'.  which  necessarily  occurs  to  every  intelligent  stranger  in 
Egypt — its  (iniiquil'oi — and  wliile  the  British  Museum  remains,  and  the 
Colossal  ileal  of  yourigMemnon  is  preserved,  the  name  of  Belzom  will 
be  remem'oered  and  respected. 

From  ttie  following  description  of  t!ie  chain  of  pots  by  Vitruvius,  it  ap- 
pears that  the  Romans  made  it  of  more 
durable  materials  than  either  the  an- 
.  cient  or  modern  j^eople  of  Asia.  "  But 
if  a  place  of  still  greater  hriglt  (tliao 
couid  be  reached  by  the  noria)  is  to  be 
supplied  ;  on  the  same  axis  of  a  wheel, 
a  duuhh  chain  of  iron  is  wound  ajid  let 
down  to  the  level  of  the  bottom  ;  hav- 
ing brass  liuckits,  each  containing  a 
II        T*iJk~4  J  k         B^  I A   cungius  (seven  pints)  hanging  thereto, 

so  that  upon  tlie  turning  of  the  wheel, 
the  chain  revolving  round  the  axil 
raises  the  buckets  to  the  top ;  which 
vvlien  drawn  upon  the  axis,  become  in- 
verted and  pour  into  the  reservoir  the 
water  they  liave  brought."  Book  x. 
Cup.  9,  Newton's  Trans.  As  no  i«- 
(erenco  is  made  to  die  form  of  tlie  ves- 
sels, by  Vitruvius,  we  find  them  repre- 
sented by  translators  in  a  variety  of 
shapes,  as  cylinders,  cubes,  truncated 
cones,  pyramids,  as  well  as  portions  of, 
and  conililiiations  of  them  nlL  Some 
are  left  open  al  the  top,  and  both  with 
and  without  projecting  lips  in  liont,  by 
whicli  to  sh(«>t  the  contents  over  the 
edge  of  th<s  reservoir  as  they  pass  the 
wheel  or  drum.  Others  are  closevl, 
and  admit  and  disrlinrge  the  water  through  an  orifice  or  short  tube  as  rc- 
prcstntcd.     (No.  U'i.)     Ftona  the  separate  "'gure  of  one  of  the  vessels  ij 
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Hill  be  jTPn  lliiit  tlie  tuWsare  filiiccd  ai  ihe  upper  corrrr,  and  canseqvptit 
.jf  reloiii  ;!.i*  water  till  the  vessels  asconJ  llie  drum,  wlien  it  is  discharj^ed 
M  rrprrsPiU'd.  Provision  sliculd  lie  made  lor  the  esenpe  of  nir  iVoni 
tlii'tc  vpf-e)s,  OS  ihcv  enter  llie  water,  und  aUo  for  its  ndinission  on  the 
(Jijcliiirjef  of  the  liijuid  ntiove.  The  wheel  or  dnini  which  carries  the 
t'lmiij  15,  in  this  Bgiire,  solid,  and  cut  into  &  hexagonal  fonn  to  prevent  it 
from  !)li|i|iiMg. 

Tiii-re  IS  olso  in  old  authors  a  great  diversify  in  tlie  eoiistruction  of  tlie 
tliiJiiN  nnii  niso  in  tlieir  number.     Sonu-   uiidcrstand    by  the  tcm\  '  double 
'Jiiim.'  merely  a  simple  one  douliled  and  its  ends  uiii'cd  ;  i.  o.  one   \vhose 
It'Dj^h  IS  cipml  1(1  double  the  space  through  which  the  water  is  to  be  cle- 
iMietl  bv  il.     Others  suppose  tsvo  separate  .^nes  int(!nded  and  placed  par- 
allel to  each  othe.",  the  vessels  beinij  connected   to  lliem  as  in   the   fij^uty. 
Others  .ig}iin,  and  amonir  them  Barbaro,  figure  two  sets  of  chaitis  and  pots 
carried  by  the  same  wheel.     He  has  also  made  them  pass   uniler  pulleys 
in  the  water,  a  useless  device,  except  when  tlie  chains  are  em])loyed  in  an 
inclined  [xisiiion. 

The  chain  of  pots  is  mentlone.i  by  most  oriental  tnivelcrs,  although  de- 
Brilied  l>v  few.  In  Terri/'*  voyage  to  India  in  IGl-'',  sipeuking  of  til's 
nks  and  wells  of  the  Hindims,  he  observes,  "  they  usiialiy  cover  thosA 
well*  with  a  budding  over  head,  and  with  oxen  draw  wafer  out  of  tlienr, 
u'nich  riseth  up  in  many  small  buckets,  whereof  some  are  always  going 
Jiiwni,  oilier*  continually  coming  up  and  emptyiiis;  theiiijielves  in  troughs 
or  little  rills,  made  to  receive  and  convey  the  water,  whither  they  please." 
p  187.  To  the  same  machine  2''n/<*»' refers,  wlicn  speaking  of  the  differ- 
ent nicden  of  raising  water  from  dvrp  wells.  It  is  drawn  u]),  he  soys,  by 
oxen  "  with  huge  leathern  buckets  or  pots  around  a  wheel."  p.  410. 
And  ae^ln  at  Surnf.  it  is  drawn  up  "  in  leathern  bags  upon  wheels,"  p. 
104,  Mad  not  tcelh  been  menfinned  in  ccmnection  with  these  extracts 
from  Fr\er,  we  might  have  supposed  it  was  the  noria  to  which  he  alluded. 
Tavernler  mentions  ii  in  the  same  way  as  applied  to  draw  water  from 
well*  in  Persia,  p.  14j.  When  re<]iiired  to  raise  it  (Venn  rivers,  they 
Mfere,  as  In  the  case  of  the  IVrsian  wlieels  on  the  Orontes  propelled  by 
the  current  when  it  was  suHii.'iently  m])id  for  the  purpose.  "  As  for  the 
Eaphrnfi.'S,  (observes  Tavernier,)  certain  it  is  that  the  great  number  of 
inilis  built  upon  it,  to  convey  water  to  the  neighboring  grounds,  have  not 
oidy  rendered  it  unnavignble,  but  made  it  very  dangerous."  Lucan  in 
the  3d  Ixiok  of  his  Pharsalia  alludes  to  this  extensive  diversion  of  the  wa- 
ter for  Bgricullural  purposes,  in  his  time. 

Bat  soon  niiplimtes'  parting  wiivos  ilivide. 
Covering,  likr  Ihiitfiil  Nili.-.  the  coiinlry  wide. 

These  mills  are  probably  similar  to  those  refcrrei  to  by  Montanus  in 
his  account  of  Jiijitin,  p.  29tj.  The  city  of  Jondit.  lie  obsi-rve«  was  de 
fended  by  a  strong  castle,  which  was  "  continually  supj)lied  with  fresh 
water  by  two  mills."     If  is  a  pity  they  were  not  described 

The  chain  of  pots  was  used  by  nil  the  celebrated  nations  of  ontiipiity 
and  it  still  is  employed  more  or  less  over  all  Asia  and  Europe.  Previous 
fothel6th  century,  il  constituted  the  'waterworks'  for  supplying  Eurojie- 
•n  cities,  and  was  often  driven  by  windmill* — as  it  still  is  in  Holland.  It 
•eenw  to  be  the  ne  jdun  vUrti  of  hydraulic  engines  among  half  civilized 
MtioTlfl.  while  tho.«e  only  which  are  enlightened,  have  the  pump.  Even 
tl  ■  !?   of  which  it  was  made  by  diflereiit   people   of  old,    may  he 

fi  IS  emblematical  of  their  national  characters.     The   inlinbitanfs 

}f  Egy[>t,  central  and  southern  Asia,  etnrdoyed  light  and  fragile  innlurials; 
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the  ropes  were  fibres  of  the  palm  tree,  aiid  the  vessels  of  earthenware 
whilr  the  Romans  made  the  chains  of  iron  and  the  vessels  of  brnss.  Th 
former  people  were  soft,  effeminate,  and  easily  subdued;  the  latter  «tei 
and  inflexible — an  iron  race. 

It  is  described  by  Agricolaas  employed  in  the  German  mines.     De 
Metallica,   pp.  131,  132,  133.       The   ,:liains  and   vessels  are   represente 
of  various  forms,  and  the  lattei  both  c.f  iror  nnn    woo(],  and    propelled 
tread  and  water  wheels.*     In  Resscn's  '  Theatre,'  A.  D.  1579,  it  is  fiann 
as  worked  by  a   pendulun'   niid  cog  wheels — the  teeth  being  conlinui 
over  half  the  peripheries  oiily.'' 

In  Spain  it  has  remainoil  in  cor.V.nual  use  since  the  conquest  and  occ 
pation  of  that  country  by  the  Roir.cn? ;  and  was  perhaps  prt!viously  int: 
auced  by  the  Phuniciatm.  a  people,  to  whom  t-pain  was  early  indebl 
for  many  valuable  acipiisilictns.  It  was  empioyed  there  by  the  Moors  in 
middle  ages,  under  whom  the  inhabitants  enjoyed  a  degree  of  prospe-i 
and  civilisnilion  unexampled  d.irinjj  any  subsetpient  period  of  their  hist 
ry.  The  arts  and  mainitactures  were  carried  to  great  perfection,  so  mu 
«o,  that  in  the  twelfth  century,  while  the  rest  of  Europe  was  in  cottipnr 
•ive  liarbarisni,  the  tissues  of  Grenada  and  Andalusia  were  big^hly  pri 
at  Constantinople,  and  throughout  the  eastern  empire.  To  the  Moors 
Spain,  Europe  was  frrcntly  .iidebted  for  the  introduction  and  disseminalir:» 
nl  many  ol'  the  arts  of  the  east ;  among  others  they  introduced  the  Asiat  /< 
system  of  Hiiricullure,  with  its  inseparable  adjunct  artificial  irri^at.inn.  We 
are  told  they  divided  the  lands  into  st-ill  ticlds,  which  were  kept  constantly 
undertilihg: ;  and  "they  conveyed  water  lo  the  highest  and  driest  spoto" 
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The  ;:hain  of  pots  in  Spain,  is   in   the  form   and  material  of  it^  vess:ds 


•Tlic  I)c  !{«>  '  Mt'inllirn'  of  George  Asriooln  is  iiivaliintilp  for  it*  nrpoiini  iif  the  hv- 
draiilici'iisiin'M  «in(il(nc(l  in  ihe  iiiincn  of  Gcrmnnv  in  llir  lllili  and  preceding  cetitti 
ries  :  l»fii)^  ilni]l>tln<4<t  stiiiilir  to  (ho!«o  used  )>y  t))e  Uoinaii^  \\\  sume  of  thi;  snnif*  niin«.<. 
»rd  ciiiiiiiiiit'd  iniiiiti<rni|it('<llv  in  use.  The  lirsl  fdilnni  of  tlii«  work  w.-i*  piihlj^licd  in 
ir'4(;.  oilirra  III  IfiTrf'.— ir,.>— l.'itil— Itj-JI— and  Hi,"j7.  all  nt  ll.i«il.  IJriinf  •'»  •  .Xaniiel 
Du  LilffJiirf  Pt  He  I/;\fii;il+'iir  dp  Livre*.'  Paris,  1  H'20.  It  id  a  ciipy  of  iJie  lust  oditiot 
w«  ntakc  U!<«  of.     'VUk  niiiiior  wa^  horn  in  1404.  nnd  died  in  l.'vO. 

•  Sne  <Uo  K  rciier'ii  Miitiilii->  Subterraneus.    Tom.  ii.  pp.  195,  ^26. 
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out]  rbe  imperfect  substitutes  for  cog  wheels,  identical  wit>i  those  of  Egypt 
t-)'i  i'ljia,  ai\A  may  !«  consiiierej  a  fair  representative  of  tJiis  machine  as 
a«e«i  in  the  africaluiitu  districts  of  tlie  ancient  world. 

No.  55,  represents  a  section  ot  a  raod- 
ern  machine.  The  wheel  ist'ared  in  or 
over  I.  ■:istem  designed  tc  receive  the  wa- 
te'.  Bicketssre  secired  lo  the  chain  be- 

,_  l^'een  tht.  j Dints  of  the   la:ier,  and  the 

^m  j^  ^•^\  lt^\W.  wiieei  J3 'l  .•evolves,  receives  the  cen- 
n  iM\  J/  \\  X  i  I  i  ***  of  their,  joints  on  the  ends  o<' its 
I  •    ^P\  ^/  W  '  I      ami',  which  are  suitably  shaped  for  the 

purpose.  The  buckets  therefore  fall  in 
between  the  arcns  of  the  wheel  and  be- 
cnmc  inverted  in  passing  over'it  a«  in 
the  fijiure. 
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The  chain  of  pots  has   been    applied 
to  a  great  variety  of  purposes,     ll  has 
been  employed    for  at;es,  in   denming 
iluciit,    dcejiening    harhirs,    &(:.        The 
ves.tels  being  made  of  iron  and  formed 
like  wide  scoops,  are  made    to  pass  un- 
der pulleys  Bllached  to  the  bottom  of  a 
moveable   frame,   which  is  rai.sed   and 
lowereil.  to   suit  the    varyinjr  depth   of 
the  cliaiiiiel       Uesson    also  proposed   i( 
to  raise  mortttT,  (Sec.  to   the  top  of  city 
walls,   fortifications,  &c.  and   wherever 
large  quantities  were  required  ;   an  ap- 
plication of  it  that  is  worthy  of  tlie  notice  of  extensive  builders,  for  the 
tiinc  coniumed  and  exertion  expendvd  by  a  laborer,  in  ascending  a  long  lad- 
der or  flit;ht  of  stairs  to  deposit  a  modern  hodfiil  of  moriar,  and   returning 
through  the  same  space,  is  hardly  consistent  with  the   spirit  of  economy 
ami  useful  research  that  characterizes  the  age.     The  amount  of  force  con- 
sumed in  bearing  his  own  body  twice  over  the  space,  independently  of  the 
loa<I,  would  in  a  well  regulated  device  of  this   kind  produce   an   equal  re- 
sult.    Oliver  Evans  introduced  the  chain  of  pots  inlo  his  mills,  fer  the  pur- 
pose of  transmuting  flour  and  grain  to  the  different  floors. 

h  has  beei.  adoplfd  as  a  substitute  for  water  wheels.  As  the  noria, 
when  its  motmn  is  reversed  by  the  admiss:on  of  water  into  its  buckctii  al 
the  upper  part  of  the  periphery,  is  converted  into  an  overshot  w  heel — so 
the  chain  of  pots,  has  jn  a  similar  manner,  been  made  to  '.ransmit  power 
Aod  communicate  motion  lo  othiT  machines.  In  locations  where  there  is 
[•mall  supply  of  walei.  but  which  falls  from  a  considerable  height,  it  be- 
nes  a  valuable  substitute  for  the  overshot  wheel,  as  a  first  mover.  It 
is  remarkable  that  this  obvious  applicnlion  of  it  should  not  have  occurred 
to  European  mechanicians  previous  to  the  17th  century.  It  was  designed 
by  M.  Francini,  and  by  the  direction  of  Colhert,  ihu  illustrious  am'  pa- 
Iriolic  minister  of  Louis  XIV,  one  was  erected  in  1G6S,  in  one  of  the  pul)- 
lic  gardens  at  I'nris.  A  natural  spring  in  this  garden  »uppli(?d  wati.r  for 
the  plants.  It  was  received  into  a  large  basin,  and  to  prevent  its  over- 
flownng,  the  surplus  or  waste  water  was  discharpi.-d  hy  a  gutter  into  a  well, 
at  the  bottom  of  which  it  disappeared  in  the  soil.  ^I.  Fruncini  took  ad- 
ranlage  of  this  fall  of  waste  water  in  the  well,  and  made  it  the  means  of 
misiiiK  a  portion  of  ihc  spr  iig  water  sufficiently  high  to  form  a  jet  d'eau 
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He  orecif!  a  chain  of  pels,  E,  B,   No.  Sfi,  wliicli   renchcJ   from    the  bo'. 

torn   :;f  iho  well  to  surli  a   hoiffht  above    its  moutli  as  tlio  wiiler  to  fonu. 

'he  j«-l  was  required  to  be  raised.    From  the  upper  wheel  or  driiii.  sn^th**!* 

chain  of  po:s,  D,  C,  was  sujosnjej 
and  ^a.  na  round  by  it,  '.he  lower  anil 
uip:-nj   into  the   water  To   be    raisni 


'B 


B 


from  t  le  spring  A.  Ry  this  arrange- 
ment the  weight  of  the  water  in  iff 
icending  the  well  in  the  buckets  of 
the  first  cha'n. raised  a  sitmller  portiori 
(allowing  for  frictioni  through  tae 
game  space  by  the  second  one — end  > 
proportionable  o-.iantity  still  higher. 
A  spout  conveved  "jis  water  into  the 
buckets  of  the  dri"Ir.g  or  motive  chsin 
as  sliown  at  B.  r..ese  bucket*  wets 
made  of  l)ntss,  ii-.»i  wide  at  th-.  top, 
the  better  to  r;;iive  water  from  the 
spring;  and  l'.cj  Jiat  when  one  was 
filled,  the  su.-  >  js  mii^ht  fall  down  iti 
sides  into  che  next  one  l»elow,  and 
from  that  to  tlia  llnrd  one,  and  so  on 
that  none  tnig;hl  be  lost  by  spilling 
over.  The  buckets  of  the  other  ch»in 
were  of  the  same  form  and  mutcriu!, 
but  instead  of  beinff  open  like  the  for- 
mer, they  were  dosed  on  all  sides, 
the  water  })eiiig  received  into  them  at 
.\,  and  discliarg-ed  from  them  at  m, 
through  short  necks  or  tubes,  e,  «, 
which  are  upwards  when  tlie  buckets 
ascend,  being  connected  to  tW  smaller 
part  of  the  latter.  A  pipe  from  the 
jpper  cistern  m,  conveyed  the  water  to  form  the  jet.  'I'he  arrow  indi- 
cates the  direction  iu  w'hich  both  chains  move.  The  vessels  on  the  chain 
E,  B,  bclnw  B, descending  into  ;lie  well,  (the  bottom  of  which  is  not  shown,) 
full — while  tliuse  shown  at  D.  C,  are  empty. 

The  rhain  of  Pots  has  been  employed  to  work  pumps  in  mines,  to  j/t»- 
pel  tlirasliiiig  machines,  &c.  &c." 


Ti 
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There  is  much  confusion  in  the  notices  of  tlie  chain  of  pots  bv  ancient 
a'lthors,  from  their  referring  to  it  without  discrimination  as  a  '  ir/ircl'  and 
thus  ciuifounding  it  wiih  the  tympanum  and  noria,  and  thiit  modification 
o(  the  'atter,  known  as  the  I'ersian  wheel.  From  the  circumstance  of 
i  a  havmg  been  prci])elled  in  the  snme  manner  as  these,  vii :  by  oxen  in 
Ine  usual  wp.y,  (through  the  medium  of  cog  wheels,)  or  by  men  wnlkiug 
upon  or  within  a  wheel,  &:.-.  it  has  from  custom,  inadvertence,  or  from  a 
superficial  knowledge  of  its  disltliclive  features,  been  classed  with  them. 
It  wa.s  of  it  that  .Slrubo  spoke,  "  which  by  wheels  and  ]ndleys  rai.sed  the 
water  of  the  Nile  to  the  top  of  a  very  high  hill  ;  and  which,  instead  of 
Ixiing  moved  by  oxen,  was  propelled  by  one  hundred  and  fifty'  .■davea." 
Atid   when  Juhus  CVsar  was  beseiged  in   Ale.'iandrin  by  the  Egyptians, 


•Si-e  Vi'l.  i,  of  mneliiiies  npiirovpil  by    tlie  French  .Academy 
Vol.  ii      r.iiiiil)iir(?li  Kdcvc.  Vol.  %.  tW. 
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tfieilmin  of  pots  was  included  among  the  "  wheels  and  oilier  enfrincs." 
'ly  wliich  tlie  InttiT  raised  water  from  the  sea  and  di,sc:huri»ed  it  into  tlie 
eiitpna  tbkt  supplied  Ciesor'a  army  with  fresh  wafer.  It  was  must  like- 
ly iraniig  (he  "  hydmolic  enijines,"  which  Herodotus  observes  tlie  Hahy- 
'nnians  ;iad,  tj>  raise  water  from  the  Euplirates  to  irrigate  their  lands, 
riipie  '  cn^nes'  were  certainly  similar  to  those  of  Indiit,  Egypt,  (ireece, 
mrf  olber  neivthlioriiiR  countries;  for  if  they  liad  heeii  of  novel  coiislruc- 
tinn,  or  |M>culiar  to  ChaJdea,  he  would  s<;areely  have  failird  to  notice  so 
unpnrtnnt  a  fact,  if  he  even  omitted  (as  he  has)  to  describe  them. 

Tlu^  same  lack  of  discrimination   is  obvious  in  almost  all   the   accounts 

of  modem  as  of  ancient   autliors,  respecting  this  niiicliiiie.     When   they 

Ijieak  of  wheels  for  raising   water,  it   is  as   difficult  to   ascertain    those  to 

which  (hcY  allude,  as  it  is  in  the  parallel  passages  of  Phito  and  Diodonis, 

Stnibo  and  Cnssnr.     Thus  Tarrrnirr  in  his  passage  down   the  Tigris  to 

fia^at.  remarks,  "  all  the  day  long,  we  saw  nothing  upon   either  side  of 

the  river,  but  pitiful  huts,  made  of  the  branches  of  palm  trees,  where  live 

certain  poor  people   that  turn   the  vJiecU,  by  means    whereof  they  water 

the  neiehboring  irrnnnd."     Sometimes  the  chain  of  potj»   is   mentioned  by 

travelers    as   the  Prmian  wheel,   and   popular  extracts   from   their   works 

lend  preatly  to  perplex  enquirers   into  its   history.      When    we    met  with 

ii-ntg   from   Sinw's  travels,  that  the  I'ersiiin  wheel  was  extensively 

n  the  lianks  of  the  Nile,  throusjh  all  Kgypt,  thev  were  so   much  at 

variance  with  the  testimony  of  other  oriental    travelers,   ind  so  foreign    to 

nir  impn'ssions  respecting  the  Ub^  <if  that  iiiacliine  in  E^ypt,  that  we  had 

reference  to   his   work  ;   when    the   aoparent  (liscivpane.y  was 

He   describes   and    figures   the   chain  of  pots  (snkia)   as   tho 

Ptrtiiin  irherl.*     Niirden  commits  the  same  error  :  "  they  likewise  employ 

%),f  P.-rsiati   wheel   with   ropes  of  pitcher?,  which   is  turned  by  oxen."'' 

f:-  "  ;dso  describes  the  Spanish  chain  of  pots  as  tho  Persian  wheel,  and 

u     '  ii  h«?  observes  is  used  "  all  over  Portugal,  Spain,  and  the  Levan:."* 

I  t'l.er  travelers  speak  of  it  as  the  JVoria.  Mr.  Jacob,  in  his  "  Tra- 
<,,  I".  Ill  (he  South  of  Spain,"  Lon.  ISll.  page  153,  says  the  Spaniards  "use 
1  r-i  1  of  Arabic  origin,  from  which  our  chain  pump  is  evidently  derived  ; 
'  .1  raiina.  A  vertical  wheel  over  a  well  has  a  series  of  earthen 
d  tf.gfcthe''  by  cords  of  Esparto,  which  descend  into  the  water 
and  till  tiierostlves  by  the  motion  of  the  wheel.  The  vertical  wheel 
is  jTut  in  motion  by  a  horizontal  one,  which  is  turned  by  a  cow.  No 
machine  can  be  more  simple."  In  the  Grariie  Desirijitiim  of  Egypt, 
it  is  designated  '  Roue  a  jtotx,'*  instead  of  naming  it  from  the  chain, 
its  peculiar  and  distinguishing  feature.  It  certainly  has  nothing  in  com- 
mon with  the  noria, except  the  pots  or  vessels  in  which  the  water  is  raised; 
■nd  thes«  in  the  latter,  are  suspended  from  the  arms  of  inflexible  levers, 
and  ascend  in  the  arc  of  a  circle  ;  while  in  both  these  circumstances,  and 
others  might  be  named,  there  is  no  resemblance  whatever  between  them. 
The  chain  of  pots  is  generally  named  by  French  authors,  '  Chaprht'  from 
its  resemblance  to  the  string  if  beads,  which  Roman  catholics,  Mahome- 
,  Budhists,  &c.  (like  the  Pagans  of  old)  use  in  repeating  their  prayers, 
bis  appellation  is  sufficiently  discriminxting,  and  is  appropriate  ;  certainly 
^oro  VI  than  Ptmc  a  )>oU,  since  it  serves  to  separate  this  machine  from 
every  species  of  irherU,  and  to  preserve  a  distinction  between  two  y^Ty 
JiCrrent  (lasses  of  hydraulic  engines. 

Ih^  chain  of  pots  sceins  always  to  have  been  used  to  raise  water  from 

•  Travplf    pipe  ■13<'.     «  TmvcU  inK.i;v|it  mid   Niiliia.  Vol.  i,  5fi. 

•  Travrl*  tlimiiirh  rortiignl  »xjA  S|iiili]  in  1772,  and  73.     Lon.  ]7i^0.  page  3^ 
*T9m.  »■     Memoirs,  E.  M.     Plate  5. 

.17 


39 


Pumps  of  Dannv4. 


[Book  ' 


Josepli's  well.  If  the  location  of  this  well,  in  peculiar  cunstroction,  d' 
vision  into  two  distinct  shafts,  the  chamber  between  them  for  the  anitnali 
which  [)nt|)i-l  tbc  machinery,  the  passage  fur  their  ascent  and  descent,  aiiJ 
its  enoniioiis  dt-jilh,  be  maturely  considered,  it  will  appear,  we  think,  that 
no  other  mnchitu;  could  at  any  time  have  been  used,  or  hilcHtlvdhy  it<;  con- 
itfuctors  III  have  been  used  in  mising  its  water;  if  therfforc  this  celebra 
;ed  well  Us  as  su|)]>osed,  a  work  of  the  ancient  Egyptians,  or  a  relic  oJ 
Babylon,  then  the  endless  chain  of  pola  may  safely  be  regarded  as  coeval 
«vitn  the  foundation  of  lliat  ancient  city,  if  not,  as  it  probably  is,  much 
•nore  ancient. 

It  was  prohahly  the  '  pump,' which  according  to  tradition,  Danads 
■jitroiiuced  into  Greece,  a  thousand  years  before  the  building  of  B.ibvlon 
jy  the  Persians.  During  the  lime  the  Israelites  were  in  Etrvpt,  thii 
t>rince,  in  con9ei|ucncc  of  domestic  i]uarrela,  left  it  wiili  his  family  and 
;ri('nds,  utui  sailed  lor  tireece.  They  landed  on  the  coast  oi' I'eloponessus 
or  the  Moreii,  and  were  liospilalily  entertained  at  Argos,  where  they  set- 
Jed.  It  is  siiiii,  the  Greeks  did  not  at  that  time  possess  tJie  knowledge  of 
obtaininir  water  from  welts;  the  conipunions  of  Danaiis  liavint;  In-en  the 
Sr»t  to  diir  them,  and  to  introduce  pumps.  I'liny  vii.  .06.  If  the  inhabit- 
lilts  of  Gri-'-ie  were  i>;noniiit  of  wells,  previous  to  the  arrival  of  these 
jtrangrrs,  lliey  ciiiiM  certuinly  have  liiid  no  occasion  for  pumi>s ;  and  it 
was  natural  ffir  llie  Egyplinn.s,  when  they  dug  wells,  to  introduce  their 
own  country  methods  of  obtaining  water  from  them. 

As  the  word  '  pumps,'  is  not  however  to  be  understood  in  the  restricted 
«cnse  in  wliich  it  is  at  present  used,  the  question  occurs,  what  kind  of  ma- 
chines were  ihcs«  1  1,  They  must  have  been  simple  in  their  conslruclion, 
for  otherw-se  they  wauld  iiave  been  ill  adapted  to  a  rude  and  uncultivated 
people,  and  such,  tlie  Greeks  were  while  ignorant  of  wells.  2.  They 
must  have  been  of  general  apiilication  to  the  welh  of  Greece.  3.  They 
were  such  as,  from  tiieir  great  utility,  were  contiimed  in  use  through  suh- 
sci|uenl  ages,  for  thev  were  hii>bly  prized,  and  the  memory  of  their  intro- 
duction presarved.  4.  Tiey  were  such  as  were  previously  used  in  EpypL 
Now,  of  all  ancient  devices  for  raising  water,  to  which  the  tertn  '  pumji' 
jould  with  any  propriety  be  sriplied,  the  chain  of  pots  is  the  only  one  that 
fulfils  the  conditions  premised.  It  is  evident  that  ihe  jiiitlu  and  its  modi- 
fications arc  wholly  injipjilical.le  to  raise  water  from  wells;  an  J  the  '//w- 
panum  and  noria  are  eijually  so.  The  stcnpv  is  not  adapted  lo  il'rp  wellt 
and  those  of  Greece  were  genendly  such  :  yet  as  it  is  admirably  adapted 
to  raise  water  from  small  depths,  and  was  so  used  by  the  ancient  Greeks; 
'*.  is  probable  that  it  was  also  introduced  by  Danaus  ;  as  we  know  that  it 
was  .1.  n"'mon  use  in  Egypt,  in  his  time.  (See  figures  36  and  43.)  U 
must  however  have  been  of  extremely  limited  application  to  wells  on  ao 
count  of  their  depth.  (See  [)age  38.)  Tin-  modern  inliiibit.'ints  of  Egypt 
raise  water  with  it  only  about  seven  feet  ;  and  froni  the  figures  just  referred 
to,  it  is  obvious  that  in  the  time  of  Danaus,  it  was  raised  no  higher  bv  iL 
but  if  its  application  was  even  exten<ied  in  Greece,  lo  elevate  water  (rora 
twice  that  depth,  \U  employment  :n  wells  must  have  been  comparatively 
Irifling. 

ft  could  not  liavc  lieen  the  c^a'm  pumji,  for  it  does  not  ap]>ear,  that 
either  thi  .-ireeks  or  Romans  were  acijuair.ted  with  that  machine.  Vx- 
truvi'.is  IS  silent  respecting  it.  Nar  can  we  sujipose  any  thing  like  the 
atmoxpheric  or  Jiirnng  pump  intended — even,  if  it  could  he  proved  that 
both  were  then  known.  They  are  ton  complex  to  have  been  at  all  suited 
'o  the  Greeks  at  tha'.  remote  age.  Indeed  tticy  are  altogether  worihlesf 
lo  A  rude  people,  wiio  would  be  unable  to  keep  them  in  order,  or  to  dctec: 
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ikc  C4uies  of  therr  ceasing  to  act.     But  that  the  '  pumps'  of  Danaiis  wore 
Mnp  kind  of  liuckrl    miicliiiii's,  like  tlie   chain  of  pots,  is   infcrnble   from 
tW  iccount  of  his  dausrliters'  punishment.     They  were  coiiiJemned  to  draw 
•  ilor  from  deep  wells,  and  would  of  course,  use  the    inacliines   their  IK 
ihcr  ill  trod  uced.      Now  we  are  tnid  that   the  vessels  in    which    they  raised 
ibf  liquid  leaked  so  much,  that  the  water  escaped  from  them  ere  it  reach- 
••■lllif  surfacr — hence   their  endli-M  punishment.     The  witiy  remark  of 
liion  implies  the  same  thing.      A  person    speaking   of  the   severe    punish* 
HR'iil  uf  these  young  women,  in  perpetually  drawing  water  in  vessels  full 
vf  holes,  he  remarked,  "  I  should  consider  them  much  more   to  be  pitied 
were  tlicy  condemned  to  draw  water  in  vessels   without   holes."      llence. 
ivc  infer  thai  the  Egyptian  siikia   or   chain  ok  i-ots,  was   the   '  pump'  in- 
troduced liy  Danaus,  and  tliat  to  it  tradition    refers.      It   was   the  on/'/  one 
to  which,  from  its   construction,  and  adajilation   to  crcry  dfpth,  the   name 
of  *  pump'  could  have  Ix-en   applied — while   from  its  simplicity  and    effi- 
aency,  it  was  a  gift  of  no  ordinary  value  to  the  Greeks;  and  the  introduc- 
tion of  it   into  their  country  was  woithy  of  heing  preserved  I'rom  oblivion. 
It  is  believed  to  have  been  in  uninterrupted  use  there  since   the  age  of 
Danaus  ;   although  history  may  not  have  preserved    any  record   or   repre- 
sentation of  so  early  an  eni|iliiyriieiit  of  it.      It  is   still   used  on    the   conti- 
nent and  in  llie   islands,  a*  well  as  t'lroughoiit  iSyria  and  Asia  Minor.      At 
Smvuna  it  is  a:i  common  as  a  pump  with  us.     In  "  Voyage  Pittoresque  de 
U    (irece,"    Paris,    17S2,   Plate    4!'.   contains   a   drawing,   and    page    9   a 
d«"Scripfion  of  one  in  a  garden  at  Scin,  tlie  ancient  Chion,  and  capital   city 
of  the  island  of  the   same   name.      It    is   similar  to  the  one  represented  in 
No.  54,  and  is  doubtless  identical  with  those  employed  in  the  same  cities, 
vrlicn  iloraer  was  bom  near  the  former,  and   when  he  kepi  a  school   in 
ibe  latter. 

On  the  anti(piity  of  this  and  preceding  machines,  we  add  the  opinions  of 
recent  writers.  "  A  traveler  standing  on  the  edge  of  either  the  Libyan  or 
Arabian  desert,  and  overlooking  Egypt,  would  behold  Ijofore  liim  one  of 
the  most  nittgnificenl  prospects  ever  presented  to  human  eyes.  He  would 
survey  n  deep  valley,  bright  with  veo^elation,  and  teeming  with  a  depres- 
sed but  l.iborious  population  eiigagen  in  the  various  labors  of  agriculture. 
He  would  see  op[)osile  to  him  another  eternal  rampart,  which,  with  the 
one  he  stands  upon,  shuts  in  this  valley, and  l>etween  them  a  rniglily  river, 
Bowing  in  a  winding  course  from  the  foot  of  one  chain  to  the  other,  fur- 
mshiiig  lateral  canals,  whence  the  water  is  elevated  by  wheels  and  buck- 
et* of  tlie  rudest  stnictures,  worked  sometimes  by  men  and  somelitiies  by 
Itle,  ami  no  (lou/jl  idrntical  irit/i  l/ir  jinx-cjii  in  u.ic  in  lliv  ihii/^  iif  HciOS' 
"  These  methods"  (of  raising  water  to  irrigate  the  land.)  "  are  not 
the  invention  of  the  motlern  Egyptians,  hut  have  hcin  uneil  J'ruw  time  im- 
mrmorial  without  receiving  the  smallest  improvnntni."^  "  Even  the  creak- 
ing sound  of  the  water  wheels,  as  the  blindfolded  oxen  went  round  and 
round,  and  of  the  tiny  cascades  splashing  from  the  string  of  earthen  puis 
into  the  trough  which  received  and  diMribured  the  water  to  the  wooden 
'  :  were  not  liisagreeable  to  my  ears,  since  they  called  iij>  before  the 
ntion,  \\\p  primitire  nge.t  of  mankind,  the  rude  contrivances  of  the 
ti:  >  ttf  Ks'l/tt,  for  the  advancement  of  agriculture,  which  have  vn- 

d'  '!(•  rlifin-sc  ijr  improrcmrvl  up  to  Uie  present  hour."' 

Like  every  other  machine  that  has  yet  been  named,  the  date  of  it»  ori- 


•  Nnrlli  .\mpfi''an  finview,  Jnii    1SI9.     p.  1^','i-C.      i"  HiBtnr>'  of  tlie  Opernlion»  of  Ihi 
I  ftff'.li  >n>I  V>riti«ii  Annies  in  l.trvpt.     Nrwi-n.alle  I'^OO.     Vol.  i.  page  !>2 
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jfin  is  unknown.  From  its  simplicity,  its  obvious  derivaiior.  from  the  prim- 
ilive  cord  and  bucket,  its  empluyment  over  all  Asia  and  Egypt  at  the 
present  time,  and  its  extensive  use  in  the  ancient  world  ;  there  can  be  no 
ipiestion  of  its  great  antiijuity.  Vitruvius  is  alike  silent  respecting  llie 
origin  of  this,  as  of  '-he  noria  and  tympanum,  and  doubtless  for  the  same 
reason — their  origin  extended  too  far  into  the  abyss  of  pnst  ages  to  be  dis- 
covered. It  is  singular  that  the  ajicients,  wlm  attributed  almost  every 
agricultural  and  domestic  imjiloment  to  one  or  oilier  of  their  deities,  should 
not  have  derived  the  ei]ually  important  machines  for  niising  water  from  a 
similar  source.  The  origin  of  tlie  plough  they  gave  to  Osiris,  of  the  harrow 
to  Occalur,  the  rake  to  Sarritor,  the  scythe  to  Saturn,  the  sickle  to  Ceres, 
ihejiail  to  Trintolenius,  &c.;  and  as  they  attributed  the  art  of  manuring 
ground  to  a  god,  they  surely  ought  to  1  ave  given  die  invention  of  ma- 
chines to  irrigate  it  to  another. 

To  the  chain  of  pots,  there  is  an  allusion  in  the  beautiful  description  of 
the  decay  and  death  of  the  human  body,  in  the  12lh  chapter  of  Ecclesi- 
astes  :  "  Or  ever  the  silver  cnrd  be  loosed,  oi  the  golden  bowl  be  broken 
or  the  piTlier  be  broken  at  the  fountain,  oi  iht  wheel  broken  at  the  cis- 
leni."  In  the  east,  the  chain  is  almost  uniformly  made  of  cord  or  rope; 
and  the  former  part  of  the  piissnge  appears  to  refer  to  the  ends,  which 
sre  spliced  or  tied  together,  becoming  loosened,  when  the  vessels  would 
necessarily  be  broken,  for  the  whole  wttuld  fall  to  the  bottom  ;  an  occur 
fence  which  is  not  uncommon.  The  term  silrcr  cord,  is  expressive  of  it* 
fhifrnris,  the  result  of  its  constant  exposure  to  water  and  tiie  bleaching 
"fleet  of  the  sun's  rays  :  and  golden  bowl  refers  to  the  red  earthenware 
pots  or  vases,  in  which  the  water  is  raised.  Roth  pots  and  cords  stream 
mg  with  water,  and  glittering  in  the  sun,  presented  to  the  vivid  ioiaguia 
tions  of  the  orientals,  striking  resemblances  to  burnished  gold  and  Silver 
The  circulation  of  the  stream  of  life  in  man,  (his  blood)*  its  interruption 
in  disease  and  old  age,  his  energies  failing,  and  the  mechanism  of  his 
frame  wenring  out,  and  at  last  ceasing  forever  to  move;  are  Ibrcibly  illus 
Irated  by  tlie  endless  or  circulating  cnrd  of  tins  machine;  its  raising  living 
waters  and  dispersing  them  through  various  channels,  as  so  many  streams 
of  life,  until  its  vessels,  the  pitchers,  become  broken,  and  the  flow  of  the 
stream  interrupted,  and  the  wheel,  upon  wliich  its  movements  depended, 
becoming  deranged,  broken,  and  destroj-ed. 

That  the  pots  or  vases  are  frequently  broken,  we  leani  from  numerous 
travelers.  In  the  account  of  .losejih's  well,  in  the  Grande  Descrijition,  it 
is  said  tn  be  necessary  for  a  man  to  be  in  constant  attendance,  to  keep  ihe 
animals  which  move  it  from  stopping,  and  to  replace  the  pitchers  that  are 
broken.  And  that  the  wheels  were  often  deranged  is  more  than  pro- 
bable, when  we  consider  how  exceedingly  nide  and  imperfect  is  their 
construction  over  all  the  east.  The  surprise  of  travelers  has  often  been 
elicited  by  their  conliiniing  to  work  at  all,  while  exhibiting  every  .symptom 
of  derantjernent  and  decay.  "  The  water  wheels,  pots,  ropes,  icc."  says 
Mr.  St.  John,  "hail  an  extremely  anticpje and  dilapidated  ajipearance;  and, 
if  much  used,  would  uudnubtedly  full  to  jiicces."''  We  are  told  that  a 
more  striking  picture  of  nidc  and  imperfect  mechanism  could  scarcely  bo 
conceived  ;  and  it  is  not  iin[irobable,  that  the  '  Egyjitian  Wheel'  as  an  em- 
blem of  instohHity,  had  reference  to  its   defective   construction   and  con- 
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ot  liabilttjr  to  derangement,  as  mtich  so  as  to  its  rotnry  movemoiit.  Nor 
It  likely  that  they  were  niiicli  superior  at  any   time   in   Jiidea,   for   the 
cws  never  cultivated   the   arts   to   any    extent.      The    nicthiinirs   among 
eiti  when  they  left  Egypt   were   jirobul/ly    more    niiinerons   and   expert 
an  during  any  subseouent  period  of  their  liistory.      In  the  eleventh  cen- 
tury B.  C.  when  Saul  bepaii  to  reisrn,  tliere  was  not   a   hlacksinitli    in    the 
land,  or  one  that  could  iory,^  iron  ;   they  hiul  heen  carried  off  by  the    I'hi- 
ituies  ;  and  although  Dan  id  at  )i;s  death  left  numerous  iriillcers,  whrn  his 
n  built  the  teinule  and  his  own  pahice,  he  ohtniiiud  rneclianics  from  TvRE, 
It  IS  moreover  possible  that  the   plaints   and   nioaiiiiigs   incident   lo  old 
ige,  'when  the  grasshopper  shall  be  a  burden  and  desire  shall  fail,'  were 
also  intended  to  be  pointed  out  by  the  perpetual  creaking  of  lliese  rickety 
madiines,  a£  indicative  of  approaching  dissolution.     The  harsh  noi»e  thev 
make  has  been  noticed  by  several  travelers.     i?t.  .John  speaks  of  the  creak- 
ing sound  of  the  watc.'  wheels  ;   and  Stephens,  in  his  '  Incidents  of  Travel,' 
observes,   "  it  was  moonlight,   and    the  creaking   of  the  water  wheels  on 

(he  tianks,  (of  tJ>e  Nile)  sounded   like   the  moaning  spirit  of  an  ancient 
Egyptian." 

There  is  a  inachiiir  noticed  by  ancient  authors,  which  probably  belongs 

Ilu  this  part  of  our  suliject,  and  it  is  by  far  liic  most  interesting   hydraulic 
bii^iie  mentioned  in  hi8t4.Ty.     Some  circumstances  connected  with   it,  ace 
tisu  worthy  of  notice.     It  w^s  constructed   and  used  in  the  most  ancient 
inci  roost  splendid  city  of  the  postdiluvian  wor;d ;  a  city  which  according 
In  tradition  e.xisled  like  Jnppa,  before  the  deluge:   viz.    Babvi.o.\ — a   city 
^enemlly  allowed  to  liax-e  been  founded  by  the  builders  of  Babel;   siibse- 
quenlly  enlarged   by   Aiinroti ;  extended   and    beajtified   by    Ht'iniraviu ; 
and  which  reached  its  acme  of  unrivaled  splendor  ur.cier  Nermchadnozzar. 
The  entwine  which  raised  the  water  of  the  Euphrates  to  the  lop   of  the 
iralls  of  this  city,  to  supply  ilie  pensile  or  hanging  gatdens,   greatly   ex- 
eeded  in  the  jwrpendiciilar  height  to  which  the  water  was  elevated  by  it, 
tic  most  famous  hydraulic  machinery  cf  modern  ages  ;  and  like  most  of 
|Works  of  the  remote  ancients,  it  appears  to  have  borne  the  irnjiress  of 
mighty  intellects,  who  never  suffered  any   physical  impediment  t-i 
interfere  with  the  accomplishment  of  their  decigns  ;  and   many   of  whose 
[Works  almost  induce  us  to  belu've   that  men  '  were  giants  in  those  days." 
The  walls  of  Babylon,  according  to  Herodotus,  i,  178,  were  350  feet  high ! 
)i(Mlorug  Sicuhis  and  others  make  ihcm  much  less;  but  the   descriptions 
them  by  the  latter,  it  is  alleged,  were  applicable   only,   after   the    i'er- 
lians  under  Darius  Hy8ta3[ics  retook  'he  city  upon   its   revolt,  and  Jemo- 
"»he<l,  or  rather  reduced  their  height  to  about  50  cubits  ;   whereas  the  fa- 
bor  of  history  gives  their  original  elevation,  and  incredible  as  it.  may  ap- 
ear,  his  statement  is  believed   to  be  correct.     He  is  tlie  oldest  author 
I'ho  has  described  them;   and  he  ritited  Babylon  within  one  hundred  and 
l^wenty  years  of  Nebiioliii.dnezzar's  death;  and    four  hundred  lieliire  Dio- 
doriis  Hotirishcd.      He  has  recorded  the  impressions    which   at   that   time, 
he  city  made  on  his  mind,  in  the   following   words,  "  its  internal   beauty 
Ind  magnificence  exceed  whatever  has  come  within  my  knowledge;"  and 
ierodotuj,  it  must  Ik?  rememliered,  was  well   BC(|uainted  with   llie  splen- 
lid  cities  of  Eirypl  and  the  east.      Hail  not  tlie   jiyrnmids   of  Geezer,   the 
Vtnjiles  and  tombs  of  Thebes  and  Karnac,  the  arlilicial  lakes  and  canals 
Egvp^  '^^   '^"'^  "'"  Ciiina,  tlie  caves  of  ElUira  and   Eh'plmnta.   &e 
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•ome  liown  to  oar  times  Jescripiions  of  them  by  nncicnl  authors,  woiitfi 
have  tieeii  deemed  exlra\u£-ant  or  fabulous,  and  their  dimensions  reduced 
to  aHsimiliite  them  with  tlie  works  of  modern  limes:  du  strongly  are 
we  inclined  to  dcpreciato  the  labors  of  the  ancients,  whenever  tbcy 
^eiilly  excel  our  own.  According  to  Berosiis,  who  is  qiiottd  bv  Jose- 
phus,  Anti<].  X.  11,  it  was  Nebuchadnezzar  who  constnicled  these  gardens, 
io  tJial  the  prophet  Daniel  must  have  witnessed  tlicir  erection,  and  aU* 
that  of  the  hydraulic  engine ;  fur  he  was  a  young  man  when  taken  a  cap- 
live  to  Babylon  in  the  l«?ginning  of  Nebuchadnezzar's  reign,  and  he  con- 
tinued there  till  the  death  of  tha*.  monarch  and  of  his  successor.  Amytis, 
the  wife  of  Nebuchadnezzar,  was  a  Mede,  and  as  Babylon  was  situated 
on  an  extensive  plain,  she  very  sensibly  felt  the  loss  of  the  hills  and 
woods  of  her  native  land.  To  Supply  this  loss  in  some  degree,  tJiese  fa 
mous  gardens,  in  which  large  forest  trees  were  cultivated,  "were  con- 
structed. Thev  extended  in  terraces  formed  one  above  another  to  the 
top  of  the  city  walls,  and  to  supply  them  with  the  necessary  moisture, 
the  engine  in  question  was  erected.' 

As  no  account  of  the  nature  of  this  machine  has  been  preserved,  we 
are  left  to  conjecture  the  principle  upon  which  it  was  constructed,  from 
the  only  datum  afl'orded,  viz :  the  height  to  which  it  raised  the  water. 
We  can  easily  conceive  how  water  could  have  been  supplied  to  the  iipper- 
mo.tt  of  these  gardens  by  a  «crjc*  of  machines,  as  now  practised  in  the  east 
til  carry  water  over  the  highest  elevations — but  this  is  always  mentioned 
as  a  xingle  engine,  not  a  series  of  them.  Had  its  location  been  determin- 
ed, that  circumstance  alone,  would  have  aided  materially  in  the  investt 
giition  ;  but  we  do  not  certainly  know  whether  it  was  placed  on  the  liighest 
terrace — on  a  level  with  the  Euphrates — or  at  some  intermediate  elevation. 
The  authors  of  the  Universal  History  remark,  "  upon  the  yjijHTVutst  of  these 
terraces  was  a  reservoir,  supplied  by  a  certain  engine,  from  whence  the 
trardens  on  the  other  terraces  were  supplied."  They  do  not  say  where  the 
engine  itself  was  located.  Rollin  places  it  on  the  highest  part  of  the  gar 
den?« :  "  In  the  upper  terrace  there  was  an  engine  or  kind  of  pump  by 
which  the  water  was  drawn  tip." 

The  statement  of  an  engine  having  been  erected  at  the  top  is  probably 
•;orri'cl,  for  we  are  not  aware  that  the  ancients  at  that  period  possessed 
sny  machine  which,  like  the  forcing  pump,  projected  water  above  iUclf. 
Aiicient  machines,  (and  every  one  which  we  have  yet  examined,  is  an  ex- 
ample.) did  not  raise  water  higher  than  their  own  ievel.  But  if  sucking 
and  forcing  pumps  were  then  known  and  used  in  Babylon,  a  period  howev- 
er, anterior  to  that  of  their  alleged  inveniion,  of  at  least  500  years,  still  if 
this  engine  was  jilaced  on  the  uppermost  terrace,  botli  would  have  been 
wholly  inapplicable.  If  therefore  we  incline  to  the  ii|iinion  that  this  en 
pne  was  a  modiHcation  of  one  of  those  ancient  machines,  which  we  have 
already  examined  ;  we  are  not  led  to  this  conclusion  by  supposing  the 
state  of  the  arts  in  Babylon  at  the  period  of  its  constructi<m,  to  have 
been  too  crude  and  imperfect  to  admit  of  more  complex  or  [ihilosophical 


■  Palntin$;s  foiinil  in  Fomppii,  reprenenl  Villn«  of  two  stories  having  trees  plnntcd  on 
llieir  roof^.  T)ii*f<t!  kind  uf  sr^rtJeus  were  prot)<itiIv'  not  very  tinroninion  ih  ancient 
liiiieii  III  lite  e:u)t.  tlioiiffli  imnt*  perhap*  I'vcr  eiinnlcd  lli<i.«c  of  lialiylon.  PIkv'  hove 
Iteeii  fijiitiiiiu'it  l«  iiiorf*'rn  liiiie.'*  in  \f.\n.  'r.iv(*riiier.  vih*"n  in  Ufiunu^ar  (tlie  inniJem 
H\(]t'rat>ud)  Hie  f'n[iitiil  of  (tolconiiu,  fuitiiil  the  roufi>  of  liie  larpt'  coitrf^  of  llie  palace 
teiriici'd  nmi  coiit.iinni^  panlen.x,  iti  wlik-li  were  (reeji  i>f  jnicli  tiniitfiise  si/.e  "  tJi:it  it  \§ 
«  tiling  of  prent  «(niil«:r  huw  lljOKo  lu-clies  slioiild  Ijf.ir  no  vn»t  a  Ixirdi-n."  The  origin 
of  tiif'nc  find  uf  the  ciiy  w<ia  jitinihir  to  ihiit  oJ'  ihe  ilithyionian  gardens.  1'lie  Kinif  at 
liie  iui|iiirtuTiity  cf  Snear.  one  of  hi»  wives,  fouuiteil  llio  city  and  mimed  il  adtt  her 
HMgnigar — i.  e,  "  tlio  gardun*  of  Nagar  ' 


I 
I 

I 
I 
I 


14p.  IS.j 


Tht  BahyJi/nian  Engine. 


185 


ippvUTU — on  the  conirarv,  we  know  that  the  Babylonians  carrictl  many 

jf  iJtK  ttt5  to  t?io  highest  degree  of  refinenient.     "  Thry  were  grout  con- 

Ifivcrs,"  in  this  rtsjiect,  and  "  t'tll  ."liort  of  no  one  nation   under  ttio  sun. 

viftrfrom  it.  that  they  in  a  great  measure  showed  the  wuy  to   every  iia- 

l.m  Ipojitles."      IJnivcr.   His.    Vol.   i,   933.      J3eside.s,  it  is   certainly  mure 

.phicnl  to  5uppo.>c   this  famous  cng'ine  to  have  been  a   modJHculiun 

>■  machine,  which  we  have  reason  to  believe  was  used  in  Chuidea  al 

me.  and  rnpable  of  {iroduciii^i;  the  results  ascribed  to  the  Bubylonian 

_    '-.  than  of  any  other  of  which  that  people  possibly  knew  nothing. 

,  Ut'all  ancient  iiiiiclutieK,  the  cii.vin  of  tots  was  certainly  tiie  best  au<ipt< 

od  for  tlie  puqiose,  and  if  we  ni!?lake  not,  the   only  one   that   could,  with 

•ay  regard  to  pi'rmanency  and  effect,  have  been  adopted.     It  stands,  and 

justly  so.  at  the  head  of  all  ancient  engines  '"or  raisiiii;  water  through  great 

elevations  ;  and   it  may  be  doubted  whether  any  machine  could   now  bo 

produced  bcttrr  arkiptrd  for  the  hanging  gardens  of  Babylon — either  in  tho 

economy  and  simplicity    of  its   construction  ;  durability  and  effect ;  or  be 

less  liable  to   derangt-ment,  less   expensive,  or   less  d:'Ticult   for  ordinary 

people  to  repair.     The  project  of  raising  water  through  i   perpendicular 

elevation,  exceeding  three  hundred  feet,  in  numerous    vessels   attached  to 

«B  pnHl»'««  chain,  would  probably  startle   most  of  our  nieclianicians ;  and 

►  !  supjmso  that  the    I'cighi  of  so   long  a  chain,  if  made   of  inm, 

\»  come  the  tenacity  of  the   metal  ;   but  almost   all    tlie  works  of 

iktf  mnnte  ancients  partook  of  the  same  bold  features.      Mtignihiilc  m  some 

of  their  MACHIM'.s,  is  as  sur|>rising  as  in  other  deiidrtmenis  of  their  labors. 

Their  engineers  seem  to  have  carried  it  to  an  extent  that  in  modern  duyg, 

would  lie  considered  as  verging  on  the  limits  of  ;iie  natural   properties  of 

materials. 

That  the  chain  of  pots  was  the  standard  machine  for  raising  water  m 
quantUirt  from  srcai  drpthj  would  appear  from  V'itruvius,  since  it  is  the 
only  one  adapted  for  that  purjiose  which  he  has  described,  except  the 
"machine  of  Ciosibius;"  and  as  he  professes  to  give  an  account  of  the 
*•  various  machines  for  raising  water,"  and  his  profession  as  a  civil  engi- 
neer would  necessarily  render  hiiu  familiar  with  the  best  of  tliem,  it  is 
clear  that  lie  was  ignorant  of  any  other  having  been  in  previous  use. 
That  the  engine  at  Babylon  was  no  other  than  the  chain  of  pots,  may  be 
inferred  from  the  employment  of  the  latter  in  Joseph's  well,  where  it 
raises  water  to  an  elevation  nearly  equal  to  that  ascribed  to  the  former"} 
•nd  if  the  subject  were  of  sulTicient  interest,  we  think  a  connection  might 
be  traced  between  them,  if  .Joseph's  well  be,  as  supposed,  a  relic  of  Egypt- 
tan  Babylon.  Both  Egypt  and  Cbaldea  were  subject  to  the  same  monarch 
Bt  the  time  that  city  was  built.  Twenty  two  or  three  years  only  had  elapsed 
after  Xebuchiidnezzar's  death  when  Cyrus  took  Babylon,  and  with  it  the 
empire  ;  and  nine  years  after  he  was  succeeded  by  his  son  Cainbyses,  who 
when  in  Egypt,  it  is  alleged,  founded  a  city  on  the  site  of  modern  Cairo, 
•tid  named  it  after  old  Babylon  Cambyses  reigned  seven  years  and  five 
months.  If,  therefor?,  the  Babylonian  machine  was  superior  to  die  '  chain 
nf  pots,*  (and  it  must  have  been,  if  it  differed  at  all  from  the  latter,  for 
otherwise  it  would  not  have  been  selected,)  then  it  would,  we  think,  as  a 
matter  of  course,  have  been  adopted  also  in  .loseph's  well,  in  which  the 
vm»er  was  rccpiircd  to  be  elevated  to  about  tho  same  height  as  in  the 
li .  rdens.     Besides,  if  it  possessed  peculiar  advantages,  it   would 

'-'.  r  .  ive  been  presrrrrJ  m  use,  as  well  as  the  chain  of  pots,  for  the 

wealtn,  comfort,  and  even  existence  of  the  people  of  the  east,  liaxe  at  ali 
times  depended  too  much  upon  such  machines  to  suffer  any  valuable  oiu.' 
bibe  lost. 
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But  wns  llie  chain  of  this  machiiic  formed  of  melal,  or  of  ropes  1  Of 
[lie  latUT  wc  littve  nu  duulit.  Tlif^  are  geiieniUy  muiie  of  flax  or  fibres  of  the 
jialm  tree  at  the  presen'.  day  over  all  the  east.  In  great  cleval'uins,  chainj 
)f  rnne  possess  important  a  Ivdntuges  over  those  of  metal,  in  their  supe- 
rior ligJitne.ss,  beins;  free  from  corrosion,  and  the  facility  of  repairing  them. 
But  liy  far  the  most  interestrng  problem  connected  with  the  Babyiomso 
engine  is,  wns  the  water  of  the  Euphrates  raised  by  it  to  the  highest  ter* 
race  nt  a  hinglc  mft  ?  If  we  iiad  not  been  informed  of  one  reservoir  oiilv, 
on  the  \i[(per  terrace  "  from  wln^nce  the  gardens  on  the  others  were  wafer- 
ed,"  we  should  have  sup|>osed  tlie  water  really  raised  as  in  Joseph's  well, 
i.  e.  by  tvH),  or  even  more  separate  chains ;  and  as  it  is,  we  cannot  belicvfe 
that  so  ingenious  a  people  as  llie  Babylonians  wouKl  raise  the  whole  of 
the  water  which  the  gardens  reipiired  to  the  uppermost  terrace,  wlien  the 
greatest  jmrlion  of  it  wns  not  wanted  half  so  high.  As  die  size  of  the  ter- 
races diminished  as  they  ap|Woached  the  top  of  the  walls,  it  is  probable  that 
full  two  thirds  of  the  water  was  cnnsumed  within  one  hundred  feet  of  the 
groijid.  We  then^fore  conclude  that  this  famous  engine  was  composed 
of  at  least  two,  and  probably  more,  separate  chains  of  pots;  and  even  then, 
it  might  with  as  much  propriety,  be  noticed  by  ancient  audiors  as  a  single 
machine,  as  that  nt  Cairo  still  is,  by  all  modern  travelers.  VVinkelman 
says,  the  famous  ganiens  nt  Babylon  had  canals,  some  of  "  w  hich  were 
jiiopiied  by  pumps  and  other  engines."  And  Kirclier  in  his  Tumt  Battel, 
U\'i^,  represents  fountains  and 7V/*  d'eau  on  every  terrace. 
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No.  57.     Rope  Punp. 

'iTi^.-e  IS  tmither  device  that  belongs  to  this  chapter  Every  pei9<io 
knows,  that  'jihere  water  is  disiiersed  over  extended  surfaces,  and  of  too  lim- 
i»*^i  depth  to  allow  the  use  of  a  vessel  to  scoop  it  up,  various  sulistancuf 
are  em()loveJ  to  absorb  it,  as  sponge  and  woolen  rags,  and  from  which  it  it 
scj.draifil  by  pressure.  A  housemaid,  when  washing  a  floor,  thus  cullectl 
in  B  cloth  flie  li(|uid  dispersed  in  the  purifying  process;  and  by  wring- 
ing returns  it  to  the  vessel.  The  process  is  substantially  the  same  as  that 
Bd"i)leil  '.o  ruise  water  m  Vera's  Hope  Tump.      See  No.  57. 

This  anachinu  consists  of  one  or  mora  endless  ropes,  fortned  of  loosely 


Claii.  16.] 


Ej/iiratUic  Bdt. 


87 


rn  wo  'J  or  burs*   hair,  und   stretclicd  on  two  puJlpys  like   tlio  emnrss 
la  of  [K't«.     These  pulleys  have  grooves  iuniifd  on  their  surfaces   (or 
liie  rfc«plion  of  the  rnpea.     One  of  lliem   is  placed  over  the  mouth  of  a 
w«/i,iiid  the  other  suspended  in  or  secured  lo  the  boltom.     A  rapid   mo- 
lion  is  Uimmunicatod   lo  the   ujiper   pulley,  hy  a   multiplying  wheel,  and 
I'w  afceiiding  side  of  each  rope  then  carries  up  the  water  ahsorhed  l>y  it  ; 
tnd  whirli  is  »c[>arated  fmm  it  when  passing  over  the  uj>per  pulley,  partly 
hv  Ctfiilnfuaral  force,  and  partly  by  being  sijueezed  in  the  deep  groove,  oi 
]  ty  jrassiiig  tlirougli  a  lube  as  shown   in  the   figure.     In  the  beginning  ol 
Ithe  motion,  the  column  of  water  adhering  to  the  rope,  is  always   less  than 
tbeti  it  has  been  worked  for  ^omc  lime,  and  continues  to  increase  till    the 
urrounijing  air  partakes  of  its   motion.     By  the  utmost  cft'orts  of  a  man, 
iitie  gallons  of  water  were  raised  by  one  of  these  machines   from  a  well, 
pty-five  feet  deep,  in  one  mimite,     Adam's  Pliilos.  Vol.  iii,  40'1. 
The  HroRADLic  BELT  is  a  Similar  contrivance.     Ii  is  an   endless   double 
band  of  woolen  cloth,  passing  over  two  rollers,  as  in  figure  57,    It  is  driven 
ilh  a  velocity  of  not  less  than  a  thousand  feet  j>er  minute ;  when  the  water 
pniained  between  the  two  surfaces  is  carried  up  and  discharged  as  it  posses 
rcr  llie  upper  roller,  by  the  pressure   of  the  band.     Some   machinei  of 
kind  are  stated  to  have  produced  an  effect   ei|ual  to  seventy-flvp    per 
IL  of  the  power  expended,  while   that   of  ordinary  pumps   seldom   rx- 
eds  sixtv  per  cent.     See  Lon.  Mechau.  Mag.  Vol.  xxix,  page  431 


CHAPTER    XVI. 

Tmi  9cuw — Ab  orifioftl  d«vic« — Vsriouft  mnduorconttrucdngit — Roman  Screw — OftoR  ro-lnrvnted 

^-lairoducrd  into  Kni^luntt  froni  Oerinaity — Cuntltiautluii  of  •everal  to  raiw  «alrr  lo  fcrvat  clevntion^- 
Marquii  of  W^rcv»t«>r'»  pro|>o»ition  rrlafing  i»  U,  Pimifilifteil  hy  M.  Pmiu— Am^uI  vt'  «aier  hi  i( 
rvrsrrly  cvumicrcd  iitcxplii-tihti? — It*  hitlury— No(  Inrnutcil  \ty  Arctitnir<lt'» — 8up{>o»i!d  to  Imvn  br«o  In 
•«Hy  am  in  Kfypt — Viinivtui  »ileiil  rr»prctiny  tU  mitltor — Coiion  it*  iiiveiilor  or  rd-tnvantor — Tlii»  phl- 
IcMopher  (»moo»tor  In*  flattery  »r  Pinlemy  an  J  neremct- — lliiinciatet  ihc  archMvct — ^ur|icn»iiMi  nriDelMl 
K  wbtUnco  wiUiout  auiipurl — The  ftcrrir  Dot  attributed  to  Arcliimrde«  till  nftor  Ihb  drnlh — InvcrtioDi 
I  girrn  to  oilier*  lliati  ibrir  autltor^^Scrrwv  uaod  u  ihip  pumpi  by  the  (ireek* — Flaitorerk  like 
03  Um*  oOvo  found  lUititiig  nifn  of  tcieiicc — Oedicaltoiif  of  Kurt^pean  wrilnr*  ofirn  bluptiraiou*— 
ary  titlr*  aud  dt^uurtioni — Tlietr  •cceptanct*  uuworthy  of  plilUMoplirr* — K\d  in(luf!or«*nf  tclro' 
itfi  MSB  in  acc«^piin^  thno — Thrir  dRnunciatiun  a  proof  of  th^  wtMlt>iii  anil  viriufof  tbr  fritnrrc  of  ibt 
V.  8.  CoB«tiiatiof»— Thrir  cjiiiDrlioo  in  Europe  dtiirable — Pluio,  Solmi,  and  SticrmtrB — Gi-«ir^o  111— 
Omarf  IV — Janira  Watt — A rafo— DeicriptioD  of  U14  *Syrmcut«it/  ■  thip  built  by  Arrbirofldtta,  la 
__ylutth  the  Screw  Pump  waa  ntcd. 

_  The  Coculeon  or  EnypxrAN  Screw,  the   mp.cTiine  next  tlescribed  by 

Vllruvius,  is,  in  every  respect,  the  most  original  one  of  which  he  has  pv 
^n  an  account.      Unlike  the   preceding,  which   appear    to   liiive   been    in  a 
at  moasuro   deduced  frDm  each  other,  it  forms  a  species  of  itpeJf;  and 
Bvcp  was  its   inventor,  he  has  left  in    it  a    proof  of  liis  >enius,   nnd  a 
monximent  of  his  skill.      If  it  be  not  the   earliest   hydraulic   eng-ine 
composed  of  tuhv4^  or  in  the  construction  of  which  rney  were  in- 
luc«'d,  it  certainly  is    the  oldest  one  known  of  ihnt  description;   and  in 
1  motle  of  ofwration   it  differ*  essentially  from  all  other  ancient  tu}»o  ma 
jkinvf :  in  the  latter  the  lubes  merely  serve  as  conduits  for  the  ascending 
>i^r.  und  as  such  are  at  rest;  while  in  the  screw  it  is  the  lubes  tlieinsclvei 
>  xnatioQ  that  raises  the  litjuid. 
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This  tnathine  has  been  constructed  :n  a  variety  of  ways.     Soinrtinie. 
oy   winding,   in    the    manner   ol'  a   screw,    one    or   more   flrxil  le  tuln"» 

(generally  of  lend  or  slronj  leath- 
er) round  a  cyTuuler  of  wood  or 
iron.  This  cylinder  is  sustaineJ 
by  gudgeons  m  such  a  position, 
that  iit  whatever  angle  with  the 
horizon  it  i.s  us^d,  tlie  plane  of 
~  llie  helix  must  always  be  inclined 
to  its  axis  at  a  srrealer  angle  ;  oth- 
erwise no  water  could  l>e  raised 
by  it  any  more  than  by  turning 
it  in  the  wrong  direction.  The 
lower  end  being  immersed  in  wa- 
ter, the  liquid  enters  the  tube  and 
is  gradually  raised  by  each  revo- 
lution until  it  is  discharged  above, 
riiose  machines  are  commonly 
used  at  an  inclination  to  t}ie  hori- 
zon of  about  45',  although  they 
somctiii.cs  are  placed  at  60'.  See 
tlie  figure 

No.  So.  Screw.  Instead  of  tul)es  wound  round 

a  cylinder,  large  grocves  were  sometimes  formed  in  the  hitter  and  cover- 
ed by  or.ards  or  sheets  of  metal,  closely  nailed  to  the  surfaces  between 
the  grooves — so  that  the  latter  might  be  considered  as  tubes  sunk  intn 
thp  cylinder,  uistead  of  being  folded  round  its  exterior. 
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Na  SO.    Romnn  Screw. 

Another  mode  was  to  iDiike  the  threads  of  plank,  arraiiged  as  a  helix 
round  a  solid  cylinder,  which  was  fitted  with  journals,  and  made  te 
revolve  in  ajircd  hollow  cylinder  of  the  same  length  ;  the  edges  or  ex- 
trfimities  of  the  threads  ruhbirig  against  the  sides  of  the  latter,  and  con- 
sequently prodiicir.g  the  .•>amt'  efloct  as  No.  58.  This  modification  of  the 
cochleon  is  knovvr  as  the  German  Snail.  It  has  this  advantage,  that  it 
may  be  worked  in  an  ojien  channel,  or  half  a  cylinder  instead  of  a  whole 
one,  since  it  is  only  the  lower  half  of  the  latter,  that  is  essential  to  the 
the  operation  of  raising  water.  Machines  of  thiii  kind  of  large  dimen- 
sions have  long  been  employed   by  the   Dutch,  and  are  generally  driven 
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by  uinilmills.  But  ibe  outer  cylinder  is  more  generally  rixetl  to  itia 
M^  nf  the  liehx,  and  lurned  with  it.  It  wiu  made  in  tliis  nianiiur  u^ 
tiie ancient  Humana  ;  the  uiiter  cylinder  or  case  was  of  plank,  well  jnini 
sd  together,  and  nailed  tii  the  edj.'es  of  the  screw,  and  the  whole  cement<^ 
w'd  pitch,  and  bound  to<;elher  by  iron  hoops,  li  was  moved  like  the 
loria.  ^c.  ■'  uy  the  walking  of  men."  Vitruvius,  B.  x,  Chap.  11.  Set 
So.  59. 

The  screw  as  represented  in  the  preceding  fiiiures,  has  never  been  lost 
to  the  world  siiire  its  invention,  although  it  has  long  Oeun  unknown  in  tlial 
country  in  w  liich  it  was  devised — Kgypt.  It  appears  early  in  priinej 
books.  In  the  first  tierman  edition  ol'  Vegetius,  (];jll)  it  is  figured,  ano 
nearly  in  a  vertical  position.  A  )>iborer  with  a  featlicr  in  his  cap,  and  a 
sworn  at  his  side,  is  seated  across  the  top  of  tlie  frame,  and  turns  it  by  a 
cr»nk.* 

Like  almost  every  otlier  hydraulir  engine,  the  screw  has  often  been 
te-invetitcd.  \Cardan  mentions  a  blacksnith  of  Milan,  who  imagining  him- 
»elf  it3  original  inventor,  "  fiT  joy,  ran  .lut  of  his  wits,"  and  the  writei 
recollects  when  a  boy,  hearing  of  an  ingenious  shoemaker  ir.  mucli  the 
Kune  predicament.  It  appears  to  have  beer  like  other  machines  for  tht, 
(■me  purpose,  introduced  into  England  from  Germany.  "  The  Holland- 
ers, (says  Switzer.)  have  long  ago,  as  some  books  ihiit  I  Lave  sten  ot 
tlieirs  of  foruKciition  intininte,  us'd  them  in  draining  their  morassy  and 
fenny  ground.yVo/n  u-hcncct/ieif  have  hecn  hrovglU  inlu  Kngland;  and  used 
in  tiic  fens  of  Lincolnshire,  Cambridgeshire  and  other  low  countries. 
Those  of  tlie  smallest  kind  that  are  worked  by  men  have  only  an  iron 
handle,  as  a  grindstone  has;  but  the  largest  that  are  wrought  by  horses, 
have  11  wheel  like  the  cog-wheel  of  a  horse  mil!.  This  engine,  (he  con- 
tinues,) which  takes  hold  of  the  water,  as  a  cork  screw  does  a  cork,  will 
ihrow  up  wntcr  as  fust  as  on  overshot  wheel,  whereby  in  a  short  time,  an 
infinite  niimlier  of  water  may  be  thrown  u|i;  and  I  remember  when  the 
ibiMidation  of  the  stately  bridge  of  Blenheim  was  laid,  we  had  some  of 
tliein  used  willi  great  succi-ss  ;  and  ihey  are  also  used  in  the  New  Rivei 
Works,  about  Newbury,  Brr/i.thirc,  and  said  to  be  the  contrivance  of  a 
ewnimon  soldier,  who  brought  the  invention  out  of  Flanders."  Hydros- 
Uticj,  a90.  298. 

AV'hen  employed  to  raise  'water  to  great  elevations,  a  seiies  of  two 
three,  or  more,  one  above  another,  have  been  employed  ;  the  lower  one 
diH'harering  its  contents  into  a  baiin,  in  which  the  inferior  end  of  the  next 
obove  is  immersed,  the  wliole  being  connected  by  cog  wheels.  Thus  an 
old  author  observes,  "  you  rnay  raise  water  to  any  height  in  a  narrow  place, 
»«.  within  H  tower  to  the  top  thereof,  as  we  have  known  done  at  Au- 
ifiufa,  in  Germany  ;  to  wit,  if  the  spiral  pipes  be  multiplied,  so  that  the 
water  l»-ing  raised  by  the  lower  spiral,  and  being  poured  out  into  some  re- 
ceptacle or  cistern  ;  hence,  it  may  be  raised  higher  again  by  another  spirai 
and  so  successively  by  more  spirals,  as  high  as  you  please,  all  which  spir 
als  may  be  moved  by  one  power,  viz.  by  the  water  of  a  nver  underneath 
or  by  another  animated  power."     Moxon. 

It  was  one  of  the  objects  of  the  Marquis  of  Worcester,  and  his  '  nnpa- 
ralleled  workman,  Caspar  KaJtofi",'  to  avoid  the  necessity  of  thus  combip- 

•  \Vlii''l'>T  fitting  wan  the  imnnl  pofiition  of  F.uropcnn  laborers  nnt)  niecliuuica  «Ii«t 
al  wurk.  Ill  llie  iiiiiltllc  .-igefi,  ue  know  not:  liut  ('aiii)iileii  tian  n  reiii;irk  wliich  iiiliinulet 
tliiil  nil  tlujrlith  iiierliiinicii  lind  iiul  in  hiii  time,  nlfuiitloned  this  orienliil  cukIoiii  in  cuii- 
liiidini!  Ins  lull;  account  of  "  the  8tale»anil  Decree*  of  England,"  I'roiii  kinps,  |iriucea, 
liuke*.  Ii>rd!<.  kulgliu.  &.c.  he  continues,  "  liuU}',  crafUoieo.  urtizna*  or  wurknieii :  lie  itiej 
!inl  l«U>r  I'ur  Hi's,  ooil  naiuely,  cuch  as  sit  at  work,  mcchanicke  artf/icer$,  imiJiM.  tmr 
ftftUri,"  Itc. 
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mp  a  nutnijcr  of  llir m  together,  as  appears  from  ilie  fifiy-lliird  propositiot 
in  the  '  reiitury  of  invcniions,'  "  A  wav  how  to  moke  hollow  bimI  covei 
a  wolur  screw,  as  "  big  and  as  long  as  one  pleaselh,  in  dn  easy  and  cheap 
vmy."  How,  and  of  what  materials  he  made  this,  is  not  known,  but  lh« 
Sfty-fifth  prop<isiticin,  in  the  following  word^J,  has  been  fully  and  practical- 
ly developed  by  a  I'rench  engineer.  "  A  douhle  water  screw,  the  inner- 
most to  mount  the  water,  and  the  outermost  for  it  to  descend,  more  io 
number  of  thread!!,  and  consequently  in  quantity  of  water,  though  r,;ucb 
"jhorter  than  tlic  innermost  screw  by  which  the  water  ascendeth  ;  a  most 
exlraordinnry  help  for  the  turning  the  screw  ;o  make  the  water  rise."  In 
1815,  M.  I'aitu  piiblisiied  an  account  of  the  following  improvements,  by 
which  the  ideas  of  Worcester  are  realized. 
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No.  61. 


No.  ea. 


No.  60,  represents  two  separate  screws  formed  on  the  same  a.\Is,  one 
of  which,  A,  is  longr  and  narrow  and  serves  for  the  nucleus  of  C,  which 
IS  much  wider  and  shorter.  This  is  designed  to  propel  die  former.  The 
ihreadsof  both  wind  round  the  axis  in  opposite  directions,  so  that  when  those 
on  one  appear  to  l>e  moving  upwards,  those  on  the  other  seem  to  be  going 
downwards.  The  water  from  the  stream  M,  is  directed  into  the  top  of 
Ijie  large  screw,  and  by  its  weight  (as  on  an  overshot  wheel)  puts  the 
whole  in  motion,  and  consequently  the  water  at  O.  in  which  the  lower  end 
of  A  revolves,  is  raised  into  the  cistei^  at  B.  No.  61  is  merely  the  same 
■nncliine  inverted.  It  illustrates  the  applications  to  such  locations  as  have 
i  short  fall  a/ioie  the  place  lo  which  the  water  is  to  be  raised.  In  No.  62 
the  small  screw  drives  the  large  one,  through  which  the  water  from  the 
lowest  level  is  raised  sufficiently  high  to  be  discharged  at  an  intermediate 
one,  as  at  G.  From  these  figures  it  will  be  perceived  that  the  screw  ha< 
'jeen  employed  like  the  noria  and  the  chain  of  pots,  to  transmit  power. 

This  mucliine  was  formerly  considered  as  exhibiting  a  very  singular 
paradox,  viz.  (hat  the  water  "  ascended  by  descending,"  and  the  mystery 
was,  ho'.v  both  these  operations  cotdd  be  'erformed  at  tlie  same  lime,  and 
yet  jM-oduce  so  strange  a  result.  It  was  remarked  that  when  those  fonn- 
ed  of  glass,  were  put  in  motion,  tlie  water  ran  doicn  the  under  side  of  each 
mrn  of  the  tulrt's,  and  continued  thus  to  descend  until  it  was  discharged 
dt  the  top  !  The  whole  operation  and  the  efi'ects  being  visible,  theru 
•eemed  no  room  for  disjiute,  however  contrary  to  acknowledged  princi- 
ples the  whole  might  appear.  The  case  wa»  apparently  inexplicable,  and 
ieemed  lo  present  a  pariillel  one  lo  that  of  the  asymtote  ;  the  propertiei 
of  th;'  latter  bfing  ns  incapiilile  of  demonstintion  to  the  tcn»f;i.  as  llie  sup- 
posed opoialioii  (if  this  machine  could  be  reronciled  to  the  mintl.  Indeed 
.he  |>ri>|)<iKition,  that  two  geometriral  lines  may  continue  to  anjiroach  each 
)ther  forever,  without  this  possibility  of  coming  in  contact,  is  oinmrenthj, 
4Uile  as  impossible,  as  that  water  should  ascend  an  inclined  pliiiie,  by  the 
rrnire  exercise  of  its  own  (gravity.     But  the  idea  of  water  ducmdiHg  in 
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ill  puMffe  lliroiigh  the  jcrew  wns  altogether  an  illiisinii.  On  thu  ct)ntra 
ry,  !t  u  unifortnly  raised  by  llie  continual  elevation  of  thnt  part  ul'  ijic  rab>, 
whch  19  mitnediately  beliinil  the  licjuid,  and  which  ])ii5hea  it  up  in  s.  man- 
ic tmiUguut  to  tliat  repri'senled  by  Oie  fullowing  jiagrnm.  • 

Suppose  A  Y,  the  edge 
of  a  wide  strip  of  cloth 
or  tape,  secured  at  both 
ends,  at  an  angle  with 
the  horizon,  as  repre- 
sented, and  upon  which 
the  boy's  marble  oi 
ball  at  1',  can  roll.  If 
Ha,  S3,  we  hold  the  pen  with 

which  we  are  writing 

4r.  W  tie  tApe  Victween  P  Y,  and  raise  that  part  into  the  position  indicated 

f»  the  dolteii  Hues;  tlie  ball  -vcjld  neces.sarlly  be  pushed    firward  to  K  ; 

to!  if  t)ie  pofi  were  then  dn'vn  'cv.ards  B  on  the  line  D  B,  the  ball  M-ouId 

te  carried  up  to  A,  and  wilhoi't  deviating  in  it.s  path  from  the  line  Y  A. 

Il  A    X  wera    the   under  side   of  a  flexible  pipe  or  gutter,    containing 

water  at  E  in  place  of  the  ba'i   it  is  obvious  tliat  it  would   also   be   raised 

to  A.  in  a  like  manner.     By  tt.e  r.ame  principle  water  is  raised  in  the  screw, 

tml  wr  m'jy  add,  in  much  the  same  way,  tor  the  rotation  of  the  screw  it 

'■:  ani.ther  mode  of  eft'eciing  the  same  thing,  which  we  have  suppos- 

i.e  done  more  directly  by  '.he  pen,  i.  e.  bv  producing  a  cnntiniinl  ele- 

tl»iii  of  the  plane  immediate!^-  behind  the  ball  or  the  water.     The   p^-th 

the  latter  through  a  screw  .a  the  same  as  that  of  the   ball,  wliile  the 

»rr«-«  assumed  by  the  tape,  ac  in  the   dotted   lines,  represent   sections  ci 

heli&,  and   the   lines  D   P,  A  Y,  of  the   cylinder  within  which   it  is 


All  the  ancietst  machines  hitherto  exan»':ied,  have  come  down   from  pe 

js  so  extremely  remote,  that  not  a  single  circumstance   connected   with 

pir  origin  or  their  authors  has  been  preser.-ed.     The   screw  is   the  llrst 

iciiine  for  raising  water,  whose  inventor,  or  alleged   inventor,  has   been 

[jed  ;   and  yet,  from  the  imperfect  and  mutiliited    stale  of  such   ancient 

ttings  that  incidentally  mention  it,  and  t}ie  loss  of  others   which  treated 

Dfe»»ediy  on  it,  the  question  of  its  origi:*  is  far  from  being  settled.     Al- 

Kush  II  1*  said  to  have  l>cen  invented  by  Archimedes  and   has  long  been 

nod  after  him,  there  are   circumstances,   which    render  it   probable  that 

koduruH   Sicuius   and  Atheneus  wer--  mistaken  when  they  ultributed  it 

( T>.c  great  philosopher  of  Syracuse.     Had  the  account  of  this  machine 

Vich  Archimedes  himself  wrote,  been  preserved,  there  would  have  been 

I  occasion  to  reason  on  its  origin  or  its  author  ;  but  unfortunately  this,  as 

fM  b«  his  description  of  pneumatic  and  hydrostatic  engines,  "  concerning 

bich  he  wrote  some  books,"  arc  among  those  that  have  ]>erished. 

^There  is  no  reason  to  believe  that  Archimedes  liimself  ever  claimed   its 

Virention  ;    and  his  countryman  Diodorus,  who   lived  two  hundred  years 

\vT  him,  and  upon  whose  authority  chiefly  it  Ijia  been  attrilmted   to  him, 

Imils  that  il  was  inventt-d  by  him  in  Egi/j>t  ;  thus  allowing  it  to  have  been 

Bvis^d  in  that  country,  whence  llie  Greeks  derived  all  or  nearly  all   that 

vaiuiii>Ie  in  their  philosophy  and   their  arts.     Every    person   knows 

It  E'_'N  I"  was  the  grand  school  for  the  nations  of  old,  in  which  the  iearn- 

i  men  of  other  countries  were  instructed  in  every  branch  of  i>hilosopliy — 

'  the  cultivation  of  which  the  Egyptians  were  celebrated  even  in  the 
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tinifi  of  Mosra — hence  it  frequently  happened,  that  after  returning  to 
their  homes  iiTibucil  with  the  '  wisdom  of  Egypt,'  philosopliers  were  cotj- 
■idereti  hy  their  countrymen  as  tlie  aulliors  of  doctrines,  discoveries  and 
machities,  which  ihey  hiid  acquired  a  knowledge  of  as  pupils  abmad.  It 
is  not  tiierel'orc  impossible,  ihat  tlint  which  occurred  to  Thales  and  Pvth- 
af^oras,  Lycurtriis  and  Solon,  Pluto  and  many  uthtrz.  mav  also  have  hiD' 
pened  to  Archimedes  with  respect  to  this  machine.  It  has  been  siipnoted 
that  the  screw  was  employed  in  Egypt  ages  before  he  virited  'htl  country 
of  this,  however,  there  is  no  direct  proof;  perhaps  an  exummation  of  ine 
immense  mass  of  sculptures  in  the  temples,  and  '.oinhs  of  Thebes  and  Beni 
Hassan,  Sec.  may  yet  bring  to  light  facta  illustrative  of  the  use  of  this  and 
other  niacliiiies  for  the  same  purpose  in  very  remote  times.  Its  tncient 
name  of  liin/ptiun  scn?w  indicates  its  origin. 

The  silence  of  V'itnivius  respecting  its  origi.i,  if  Archimedes  w.ns  the 
inventor,  is  singular;  for  through  the  whole  of  his  work  he  B[>peiirs  stu- 
dious to  record  the  names  of  inventors.  .He  was  contemporary  witt 
Diodorus,  and  liad  therefore  equal  npporl'mities  of  ascertaining  its  history 
while  from  Ins  prdfcssion,  and  the  nature  of  his  work,  a  more  perfect  ac- 
count of  it  would  lie  expected  from  lilm  than  from  the  other.  The 
Roman  architect  had  iirrteed  every  inducement,  (except  such  as  were  un- 
worthy of  liim,)  to  rccor<l  tl>e  name  of  the  I'rince  of  Ancient  Mnthemati- 
cians  as  its  author,  if  such  he  knew  him  to  be.  The  reputation  of  Ar 
chimcfles;  his  splendid  discoveries;  his  famous  defence  of  his  native  citv; 
his  melancholy  death  ;  the  interest  which  Marcellus  took  in  his  fate;  the 
lirection  of  his  lomli  by  that  General  ;  and  its  discovery  bv  Cicero  amidst 
thorns  and  rtdd)ish,  one  hundred  and  forty  years  after  his  death,  and  in  the 
lifetime  of  V'itruvius — induce  us  to  believe  that,  as  a  candid  philosopher 
and  admirer  of  learned  men,  and  of  Archimedes  himself,  (li.  i,  t'hap.  I.) 
he  would  certainly  have  awarded  to  the  latter  the  honor  of  its  invetition. 
\f  he  believed  liim  entitled  to  it,  either  from  the  testimony  of  anc.ent  wri- 
ters, or  from  Irrtditional  report.  ^ 

Hut  if  this  nmcliiiio   was  not  invented  by  him,  to  M-hom  then   is   the  f 
world  indebted  for  itl      We  r^ply — if  it   really  be  not   more  ancient  thin 
rhe  PtolcniFiic  era — to  a  Grecinn  philosopher  of  Samos.  who  was  contem- 
t>orary  with  Aichimedcs.     SoTie  readers  will  i ccollert  tliat  when  Ptolemy  fl 
Evergetes,  the  son  and  successor  of  I'hiladclphus.  dejiarted  on  a  dangeroilt  ■ 
expedition,   the  success   of  which,  according  to    Ilollin,   was   foretold    by 
Daniel,  (xi,  7,  Ji,)  his  wife  Berknicb,  influenced  by  a  principle  of  supersn-  _ 
tion,  that  at  one  lime  was  univei'sal,  vowed  to  sacrifice    her   greatest  oma-  H 
ment,  the  /niir  of  Iter  hrail,  to  the  Goddess  Venus,  if  he   was  successf'i! 
and  restored  to  her  in  safety.     Upon  his  victorious  return,  she  cut  off"  her 
lockf  and  dedicated  them  in  that  temple  which  Pliiladelphus  had  founded 
in  L-  ,or  of  her  mother  .Arsinoe;   the  dome  of  which   temple  was  intenrt- 
ed  to  have  been  lined  with  londstohe,  that  lliv?  iron  statue  of  Arsinoe  mi^ht 
be  suspeiideil  in   the  air;    but  the  death  both   of  Dinocnite*  the   architect, 
and  I'hiladelphus,  jirevenlcd  the  completion  of  a  building  that  would  have 
rivalled  the  most  perfect  of  all  human  productions  ;  a  work,  which  proba- 
bly gave  rise  to  the  story  of  the  suspension  of  Mahomet's  coffin.* 

■  Thnl  an-lnllic  nilnt.uuf'i  have  l»een  Bctually  wispmiled  willinul  any  mnpilile  nipport 
■ppcFirti  rriiiii  I'oitr*''!  to  v\)](i!(i>  iriivcU  in  AbyMsinia  \vt>  r'^fffrred  iii  tlu-  Insi  rhaptrr.  He 
dcclarPK  Ihal  hi' Iw'ln'l.l  in  m  niniiii«lery  in  llint  couiiln,  a  iruithn  •^lall' aliniii  I'niif  feel 
long,  thus  waspeaiii'il  in  i)ip  air ;  onil  to  deU'Cl  nil)' dforpijiin  he  (It^^ired  peniii.t-<ion  to 
eianiine  it  clusely.  '<i  aTcriniu  whether  tliere  won  noi  some  iiivisitjk'  prop  or  support 
"  To  Inki-  nnny  nil  liiiiihi  I  be  says)  I  pnKscd  my  cnne  over  it  and  iiuler  il,  and  on  <1 
■idci,  and  round  Uiut  tlii<  siuirol'  gold  did  truly  hung  of  itaetl'  in  the  air."  Kd.  F.ncyc 
Vol.  li-ii.  p.  4li. 
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Sometime  afterwards,  tliis  consecrated  hair  wns  miiisinK  ftom  tlie  tern- 
I.e.  hsvL'ig  })ecn  lost  thrcugh  the  iifgligence  o<  the  priests,  or  perhaps 
ii'*._i!e<ily  concealed.  No  occurrence  was  rtiiire  hkclv  to  crenle  alarm 
•ridna;  a  superstitious  people,  or  to  excite  the  ire  of  a  despotic  motiarch, 
:nati  sucli  an  itisult  to  tlieir  Gods,  and  to  his  (hvonte  queen,  [n  this  di- 
■ritima,  an  aitronomer  of  Alexandria,  in  order  to  make  his  court  to  Ever- 
geles,  iiiul  the  eftVontery  to  pve  out  publicly  that  Jupitek  had  carried  off 
llie  locks  of  Berenice  to  heaven,  and  had  formed  them  into  a  cnnslcllntion  ! 
Aiui  as  a  proof  of  his  assertion  he  pointed  to  an  unformed  clu.ster  of  stars 
r.«!ar  ihe  tail  of  Leo,  as  Berenice's  hair  !  And  '  Covin  Rermirai'  is  the 
name  by  which  these  stars  arc  known  to  this  day. 

It  was  this  artful  courtier  and  astronomer  who  either  invented  or  re-in- 
»eiitcd  tlie  screw.  lie  was  named  CoNON  of  SamiK,,  and  sornetimei 
Conon  of  AJKramhia,  front  his  residence  in  Egypt.  He  whs  an  intimate 
fiiet.d  of,  and  g^reaily  esteemed  by  .'Vrchimedcs ;  and  it  would  seem  that 
they  comniinicated  their  writings  and  discoveries  to  each  other.  When 
the  fonner  devised  tliis  machine,  Archimedes  we  are  told  (Iciiionjitratcii 
andjulJif  er/>/tiincil  lu  pr(>/>erties  ;  for  Conon  himself  was  not  foriunBte  ir. 
hi»  demonetriitions.  (Bayle.)  From  this  circum.»tatice  the  name  of  its  in- 
ventor was  in  lime  forgotten,  and  it  eventually  became  known  ns  the  Ar- 
dtimaiian  screw  ;  Imt  pmbably  not  till  long  after  the  death,  both  of  its 
author  and  illustrator. 

Siniiiar  instances  are  not  uncommon  in  modern  times ;  they  have  -n  fact, 
llways  occurred.  Thus,  the  instrument  known  as  Hadley's  Quadrant  was 
really  invented  hy  Godfrey  of  Philadelphia.  The  compass  was  known 
before  Flavio  Gioia,  although  die  Flvur  dc  Lis,  by  which  he  desigriBtr.d 
the  north  in  compliraeiit  to  liis  sovereign,  is  used  to  this  day.  Gunpowder 
was  used  ages  before  Schwarij  was  born — and  these  continents  bear  the 
fjune  of  Vespui-ci,  not  ihal  of  Coljinhus  or  Behaim. 

As  Conon  died  before  Archimedes,  (see  Bayle)  and  probably  in  Egypt, 
It  is  very  possible  (supposing  it  originated  with  the  former)  that  it  was 
6rsl  in/nttitutd  into  KurojK  by  the  latter  ;  a  circumstance  quite  sufficient 
to  connect  his  name  permanently  with  it  there.  Atheiieus  mentions  par- 
ticularly its  application  by  him  to  raise  water  from  the  hold  of  the  ship, 
%ihich  w.xs  built  under  hi»  diaections  for  Hicro ;  and  if  an  observation  of 
the  same  author  can  be  relied  on,  it  is  evident  that  he  was  the  first  to 
make  it  known  to  Grrrian  mariners  ;  for  he  asserts,  that  they  held  his 
memory  in  great  estimation,  for  having  enabled  thern  to  carry  off"  the  wa- 
ter Irora  the  hold;  of  tlieir  vessels  by  it. 

it  \a  greatly  to  be  regretted  that  men  of  science  sliould  ever  be  found 
tmrnft  (he  flatterers  of  despots  ;  yet  the  obsequiousness  of  Conon  has  been 
ioMtated  in  modern  as  in  ancient  times.  Custom  may  yet,  in  some  degree 
sanction  or  rather  scieen  the  practice  from  reproai-h  ;  but  the  jieriod  iii, 
we  "jeliove,  rapidly  approaching  when  it  will  he  subjected  to  general  de- 
rision, as  not  oiiJv  injurious  to  the  reputation  of  scientific  men  themselves, 
bu*.  v>  scier.ce  nnu  the  world  at  large.  Our  sentiments  on  this  subject  may 
1  e  reprobati'd  by  some  persons,  and  approved  of  by  few, — still  we  believe 
thev  are  such  as  conduce  to  the  general  welfare  of  our  rare,  and  such  as  will 
on-'oay  universally  prevail,  and  believing  this,  we  express  them  without  he- 
sitation—others  may  condemn  them  as  out  of  place  licre,  but  in  our  opinion 
t)i«  evils  tliey  deprecate  will  not  bo  removed  until  tlicy  are  generally  de- 
nounced in  vrorks  devoted  to  the  arts.  Nay,  we  would  introduce  such 
ientirr.i*nts  into  school  books,  that  children  may  not  be  ta-jght  to  worship  ■ 
'»n  oti  acc-'^unt  of  his  titles,  but   to   revere  virtue   and  admire  well  culti 
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rated  taienU  wherever  they  are  found.  '  We  might  as  well  (says  S«^^<^c« 
comir.cnJ  a  horse  for  his  spienijid  trappings,  as  a  man  for  his  pompous  ad 
tuitions.' 

Let  aty  unsophisticated  mind  peruse  the  dedications  of  European  works, 
in  almost  all  depni-tments  of  science,  for  the  last  two  centuries,  and  be 
will  find  every  attrihutr.  tif  the  Deity  blasphemously  lavished  on  the  vHett 
of  princes,  and  on  titled  dolts,  %vith  a  degree  of  ardor  and  apparent  sin- 
cerity, tliat  is  as  loaihs.:mc  as  the  grossest  practices  of  heathen  idolatry.  At 
the  same  time,  these  individuals  who  thus  idolize,  sometimes  an  idiot,  at 
others  an  infant,  and  often  a  brute,  affect  pity  for  the  ignorance  and  super 
stition  of  ancient  nnjiiniis  and  modern  savages. 

But  why  this  display  of  servile  adulation!  Formerly  to  obtain  bread: 
in  Inter  times  to  procure  title,  hereditary  title. 

If  there  is  one  class  of  men,  whose  extensive  knowledge  of  nature 
»nd  the  sublimity  of  whose  studies  shniiid  Itr.id  them  thoroughly  to  lies 
pise  the  tinsel  and  trappinsjs  of  courts,  and  the  unnatural,  and  to  the 
jjrcat  mass,  dec^ratiing  (iistiiiclions  in  Europcnn  society,  it  is  astronomers  ; 
men  whose  researches  are  prefiminenlly  calcuhited  to  ennolile  the  mind, 
whose  labors  have  elicited  the  highest  adiiiinition  cu  'heir  talents,  and 
whose  discoveries  have  opened  sources  of  intellectual  pleasures  so  refined, 
that  pure  intelligences  might  rejoice  in  them.  That  such  men  should  stoop 
to  lay  at  the  lect  of  ignorant  and  sensual  despots,  their  fame,  their  learning, 
and  m  some  degree  the  science  of  which  lliey  ate  the  conservators,  and 
accept  from  those,  who  are  immeasurably  their  inferiors,  what  are  prepos- 
terously named  titles  of  honor,  i,  e.  puerile  and  artificial  distinctions, 
which,  while  they  profess  to  ailnincc  those  who  are  already  in  the  fore- 
most ranks  of  society — really  lower  and  degrade  them — titles,  relics  oi 
times  when  men  were  advanced  but  a  few  ste])»  from  thesavao'e  state,  antl 
conferred  by  ccrcn;oni<'s  which  are  the  very  essence  of  buHlbonery,— <» 
tnily  one  of  the  most  lamentable  facts  connected  with  tlie  histoiy  of  mo- 
dem science. 

Lcanied  men  by  thus  connecting  themselves  with  the  state,  consummattf 
an  unholy,  an  unnatural  alliance,  and  subject  even  science  herself  (al- 
though they  may  not  intend  it)  to  politicians  to  specuhiie  on.  They  in  a 
measure,  commit  suicide  on  their  fame,  by  thus  supporting  political  insti- 
tutions, that  can  only  exist  by  silencing  the  throbbmgs  and  stifling  the  aspi- 
rations of  the  general  mind  after  knowledge;  institutions,  which,  like  aie 
old  errors  in  philosophy,  are  destined  to  be  exploded  fortjver.  It  will,  wo 
think,  one  day  8pj>ear  strangely  incongruous,  that  some  of  the  brighti«st 
luminaries  of  science  should  have  turticJ  to  royal  despots  li^r  factitioMs  rank; 
as  if  they,  in  whose  fair  fame  the  world  Feels  an  interest,  could  descend  from 
their  radiant  spheres  to  move  as  satellites  around  such,  with  an  inrreate 
of  lustre  !  Who  can  behold  without  sorrow,  these  men  rendering  homage 
ny  kneeling  and  other  more  disgusting  mummeries,  to  individuals  who  are 
not  oiiiy  iheir  infrriors  in  every  attribute  that  adorns  humanity,  but  often  the 
most  atrociouj  of  criminals,  and  sometimes  mere  insensates ;  to  beg  a  por- 
lior.  I'''  /nmor,  and  a  title  to  use  it !  When  the  world  becomes  free  and 
enligiitened,  such  examples  will  be  adduced  as  illustrations  of  the  vaga- 
ries and  inconsistencies  of  the  human  mind  ;  and  patents  of  nobility  and 
hereditary  titles  of  honor,  especially  from  such  sources,  will  be  looked 
upon  M  satires  on  science,  on  the  ag?,  and  on  the  intellect  of  man. 

These  titles  form  the  most  conspicuous  feature  in  that  system  of  impo- 
Xfion  by  which  the  European  world  has  too  long  been  deluded  and  de- 
based ;  and  in  a  political  point  of  view,  the  friends  ji'  man's  iimlienible 
rights,  ana  of  (he  amelioration   of  his  con^  •.en   h       «1w  lys   regret,  tlial 
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pcientiRe  men  should  have  lent  iheir  example,  to  sustain  distinctions  thai 
an-  a  curae  to  ilie  world.  This  conduct  of  theirs,  perhaps  more  limn  any 
Jther  cause,  tends  to  uphold  despotism  on  ibe  earth.  Of  their  ii-fluenre  m 
this  respect,  modern  despots  arc  fully  aware,  and  which  they  evince  by 
their  anxiety  to  enlist  in  tlieir  train,  every  rnan  eminent  in  any  depHrtment 
of  the  arts  or  of  science;  and  many  of  these,  it  is  to  be  deplored,  they  »oo 
often  tickle  with  a  feather,  or  amuse  with  a  trinket,  while  they  put  a  bridle 
m  their  lips  and  yoke  ihcni  to  their  cars. 

The  lust  afti;r  titles  anil  distinctions,  Incident  to  monarchical  gove»^- 
ments,  15  in  the  political  and  moral  world,  what  the  scrofula,  or  '  king'k 
••vil'  is  in  the  t>l.ysical  :  It  destroys  the  healthy  and  natural  organization 
of  8ocii;ly,  taints  iti  fiiirest  features  with  hereditary  di«ma«  ,  ana  render* 
till!  wttoic  corrupt  1  he  wisdom  of  the  fathers  of  our  republic  wa»  not 
more  conspicuous  than  their  virtue,  when  they  denounced  such  titles  ana 
distinctions  as  forever  iucom-iatible  with  the  constitution.  Sweep  them 
front  the  earth  and  man  iu  the  eastern  hemisphere  would  become  a  regene- 
rated being.  Nations  would  no  longer  be  kept  in  conmiotion  and  dread, 
nor  their  re.«ources  be  consumed  by  political  and  military  gladiators  ;  nor 
would  tlie  aoominable  boast  of  one  people  in  coni^uering  and  plundering 
another  be  deemed  creditable;  but  when  peace  and  virtue,  science  and 
the  arts,  vould  alur.e  confer  honor,  and  their  most  distinguished  cultivators 
be  deemed  the  most  nolile. 

Plato  was  no  worshipper  of  Dionysius,  nor  Solon  of  Croesus  ;  and 
vrhen  the  talented  but  unprincipled  Archelaus  of  Macedon,  drew  numer- 
ous philosophers  around  him,  by  his  wealth  and  the  honors  he  conferred 
on  them.  S{)cratc«  refused  even  to  visit  him  as  long,  said  he,  as  bread 
was  cheap  and  water  plenty  at  Athens. 

Although  the  ancient  world  confirmed  the  name  given  to  one  of  the 
constellations  by  Conon,  the  modern  one  refused  to  sanction  a  siinilnr  a! 
tempt  til  designate  the  remotest  planet  In  our  system,  after  the  name  of  a 
king  who  was  remarkable  fi ir  his  iack  of  intelligence — a  bigot — and  who,  to 
preserve  his  prerogative,  shed  blood  as  water.  Yet  to  that  man,  and  to 
Lis  eon  and  succes.sor,  who,  if  he  possessed  more  intelligence  than  the  pa- 
rent, was  the  grossest  sensualist  of  the  age,  and  contact  with  whom  was 
fill'ititin,  did  some  of  the  votaries  of  science  kneel  as  to  'the  foitntainb 
vor!"  and  to  receive  a  portion  of  it  at  their  hands!  while  awe- 
to  whose  glory  it  will  ever  be  mentioiicil,  could  duly  appreciate 
the  oflered  bauble  and  reject  h,  if  not  with  dlsdiiiii.  ^Janies  Watt,  the  ma 
themalical  instrument  maker  of  Glasgow,  the  great  improver  of  the  steam- 
CRjlHie,  who  conferred  more  benefits  on  his  country  than  all  the  monarch* 
Uiat  ever  ruled  over  it,  and  all  the  statesmen  and  warriors  which  it  evei 
7?rodiJced — refused  a  titlci  And  who  evpt  regretted  that  Mihon  was  not 
a  k flight,  or  Shakespeare  a  marquis,  or  Franklin  a  lord  ;  or  that  some  of 
tlie  greatest  poets  and  philosophers,  philanthropists  and  mechanicians,  that 
ever  lived,  are  known  to  us  simply  as  such,  with')ut  having  had  their 
names  bolstered  up  with  prepo«terous  appendages?  And  who  ever  sup- 
pcsjcd  they  were  less  happy  without  them,  less  vigorous  and  succe.ssful  lu 
llieir  researches  ;  less  Tespected  by  contemporaries,  or  less  revered  by 
posterity  1 

Lnn:?  »ifter  these  remarks  were  written,  M.  Arago's  Memoir  of  Watt, 
>  country,  and  on  perusing  it,  we  could  n^t  but  imile  at  the  dis- 
iit  expressed  by  the  great  French  piiilosophrr,  that  his  friend 
was  not  tiiade  n  f/rrr.  "When  I  ini]uired  ii 'o  the  cause  of  this  neglect, 
[he  objervef,]  what  think  you  was  tlie  response  ?  Those  dignities  of 
which  you  «|>eak,  I  was  told,  arc  reserved  for  naval  and  military  officers ; 

I  ,7 


146 


A  large  Ship  huUi  by  Arc/iimcdci 


[Book! 


for  induentlal  members  of  the  House  of  Commons,  and  f«  neml)er»  of  tlie 
aristocracy.  '  U  it  not  fkc  ciutom,'  and  I  quote  tlie  very  |,hrase,  to  gram 
tliese  honors  to  scientific  and  literary  men,  to  artists  and  engineers."  He 
adds,  "so  much  for  the  worse  for  the  peerage."  Well  be  it  so.  In  qui 
humble  opinion,  it  is  so  much  the  better  for  the  memory  of  Watt,  What 
had  such  a  man  to  do  in  a  house  that  presses  like  an  incubus  on  the  ener- 
gies of  his  country,  and  the  claims  to  a  seat  in  which,  are  too  often  such 
as  are  disg;racel'ul  to  our  common  nature  ?  An  infinitely  higher  honor 
awaits  him  ;  for  both  Watt  and  his  illustrious  eulogist  are  destined  to  oc 
cupy  distinguished  stations  in  that  Pantheon,  which  is  ytt  to  be  erected, 
whose  doors  will  be  opened  only  to  the  BENEFACTORS  OF  MAN- 
KIND. 


There  are  several  interesting  particulars  mentioned  by  Athcneus,  respect- 
ing the  magnificent  ship  namo'J  the  'Syracusan,'  which  was  built  under  the 
directions  of  ArchimeJes,  and  to  which  we  have  alluded.  From  :he  follow- 
ing brief  description,  it  will  be  perceived,  that  "or  richness  of  decoration; 
real  convenienci^s  and  iuxu.i,;s,  (for  even  that  of  a  libniry  was  not  ove.-- 
looked.)  she  rivaled,  if  she  did  not  excel,  our  justly  admired  packets  and 
steam  ships. 

Three  hunilred  carpenters  were  employed  in  building  this  vessel,  which 
was  compiett'd  in  one  ye'.ir.  The  ciiiibiT  for  the  planks  and  ribs  were 
obtained  partly  frotn  Mount  Etna,  and  [larlly  from  Italy  ;  other  mBterial.i 
from  Spain,  and  hemp  for  cordage  from  the  vicinity  of  the  Rhone.  She 
was  every  where  secured  with  large  copper  nails,  [bolts]  each  of  which 
weighed  ten  pounds  and  upwards.  At  equal  distances  al!  round  the  ex- 
terior were  statues  of  Atlas,  nine  feet  in  height,  supporting  the  upper 
decks  and  triglyphs ;  besides  which  the  whole  outside  was  adorned  with 
paintings;  and  environed  with  ramnarts  or  guards  of  iron,  to  prevent  an 
enemy  from  boarding  her.  .She  hal  three  masts;  for  two  of  these,  trees 
sufficiently  large  were  obtained  without  much  difficulty,  but  a  suitable  one 
for  the  mainmast,  was  not  procur-::J  for  some  time.  A  swine-herd  acci- 
dentally discovered  one  growing  en  the  mountains  of  Bruttia.  She  waa 
launched  by  a  few  hands,  by  means  of  a  helix,  or  screw  machine  invented 
by  Archimedes  for  the  purpose,  an'.'  't  appears  that  she  was  sheathed  with 
inert  lead.*  Twelve  anchors  wei-e  on  board,  four  of  which  were  of  wood 
and  eight  of  iron.  Grappling  irons  were  disposed  all  round,  which  b^ 
means  of  suitable  engines  could  be  thrown  into  enemies'  ships.  Upon 
each  side  of  this  vessel  were  six  hundred  young  men  fully  armed,  and  an 
e(]un1  number  on  tlie  masts  and  attending  the  engines  for  throwing  stones 
Soldiers,  [modern  marines]  were  also  employed  on  board,  and  they  were 
supplied  with  ammunition,  i.  e.  stones  and  arrows,  'by  little  boys  tha' 
were  below,'  [the  powder  monk'.es  of  a  modern  man  of  war,]  who  sen 
them  up  In  boskets  by  means  of  pulleys.  She  had  twenty  ranges  of  oar». 
I-^|)on  a  rampart  was  an  engine  invented  by  Archimedes,  which  could 
throw  arrows  and  stones  of  inree  hundred  pc-nl*,  to  the  distance  of  i 
stadium,  [a  furlong]  besides  others  or  defer^ce,  and  suspended  in  chaii  i 
of  brass. 

She  seems  to  have  been  'Ahat  is  ..ow  called  '  a  thr?e  decker,'  for  there 
■were  '  three  tralleries  or  ccnidors,'  from  the  lovveci.  of  which,  the  sailors 
went  down  by  ladders  to  ths  hold.  In  the  middle  one,  were  thirty  rooms, 
in  each  of  which  were  four  beds  ;  the  Roors  were  paved  with  small  stonei 

•Eureipenn  i>1iip«  were  alieiilheiJ  with  sheet  lead  in  the  17th  century,  Bt  which  time 
Klao  woiiilen  »healhitig  was  IB  TO|rue.     See  Colliers'  Diet.  Vol.  i.  An.  Ktiishn-I 
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iif  (iiSerent   colors,  (mosaics)  representing  scenes  from    Honncr's   Iliad 
Th?  Joor?,  %%-indows  and  cuilings  were  finished  with    '  wonderCuI  art.'  and 
erolH'llislied  with  every  kind  of  ornanietit.     Tlic  i<itchen  is  nieniic-rieu  as 
ori  tills  deck  and  next  to  the  stern,  also  three  large  rooms  for  eaiing.     In 
ttii'  lliird   pallery  were   lodgings   for   the   soidiers,    and    a   gymnasium  or 
fUtx  of  exercise. ,     There   were   also   giirdi-ns   in   this   vessel,   in    whi'.h 
vnrious  plants  were  arranged  with  taste  ;  and  among  them  walks,  propor- 
tioned tu   the   magnitude   of  the  ship,  and  shaded    by  arliors  of  ivy  and 
Wnes,  whose  roots  were  in  large   vessels   filled   with   earf.h.     Adjacent  to 
these  viis  a  room,  named   the   '  apartment  of  Venus,'  the   tloor  of  which 
nrss   paved   with  agate   and  other  precious  stones  :   the  walls,   rOof  and 
windows  were  of  cypress   wood,  and  adorned   with  vases,  statues,  painf- 
ijigs,  and  inlaid   with   ivory.     Another  room,  the   sides  and    windows  of 
M'bich  were  of  box  wood,  contained   a  library  ;  tlie  ceilinsrs  represented 
the  heavens,  and  on  the  top  or  outside   was  a  sun  dial.     .Another  apart- 
ment was  fitted  up  for  bathing.     The   water  was  healed   m  three  larg« 
copper  cauldrons,  and  the  bathing  vessel  was  made  of  a  single  stone  of 
vanegat3d  colors.     It  contained  sixty  gallons.     There  were  also  ten  sta- 
Wes  pUcoc  on  both  sides  of  the  vessel,  together  with  straw  and  corn  for  the 
horses,  an-  conveniences  for  the  horsemen  and  ihoir  servants.     At  certain 
distances,  pieces  of  timber   projected,  upon   which   were  piles  of  wood 
ovans.  mills,  and  otlier  contnvances  for  the  services  of  life. 

At  the  iihip's  head  was  a  large  reservoir  of  fresh  water,  formed  of  plai.if 
and  pit'lied.  Near  it  was  a  ci>user\'atory  for  fish,  lined  with  sheet  lead, 
and  '•onla'ning  salt  water ;  although  the  well  or  hold  was  extremely 
dceo.  one  man,  Athenens  says,  could  pump  out  all  the  water  that  leaked 
Intr  a;r,  by  n screw  pump  which  Archimedes  adapted  tc  that  purpose. 
Thiif  were  probably  other  hydraulic  machines  on  board,  for  tJio  [ilmitJii, 
bs.tl  ing  apparatus,  and  kitchen,  &c.  The  upper  decks  were  supplied 
•vij:  water  by  pipe*  of  earthenware  and  of  lead  ;  the  latter,  most  like- 
ly, cxtendmg  from  pumps  or  other  engines  that  rai.sed  the  liipjid  ;  for  there 
.s  reasor.  to  believe  that  machines  analogous  to  forcing  pumps  were  at 
that  titte  known. 

The  .Syracusan'  wag  laden  with  corn  and  sent  as  a  present  to  the 
King  iif  Egypt,  upon  which  her  name  was  changed  to  that  of  the  '  Alex- 
Iria.'  Mdguiricent  as  this  vessel  was,  she  appears  to  have  been  sur- 
ed  i-y  cne  subsequently  built  by  Ptolemy  Pliiloputer ;  a  description 
of  wiiich  is  gkven  by  Monlfaucon,  in  the  fourth  volume  of  his  anti<juities. 


For  the  Spiral  Pump  of  Wirts,  see  the  end  vf  the  3d  Book 
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Tuft  rntttf  PuMr— Vol  meolioaed  by  Vitrariui — 1l<  nippoMfl  ori|ni>^Re>etnblliace  iMitwr^D  It  ftnd 
Ul«  coinm  1  pump — Not  umU  ^y  llio  Himlooc,  Ef ypljvn*,  (irfoks  or  Kuuiin* — t>erivp<l  frum  CDinih.* 
DrNrnpltuu  ;>f  Ihc  Chlankc  Tump  uaA  llio  %'uriuu»  luudoi  of  pr<ip«lling  It — Cham  T'uuip  from  Jl^rical^— 
PiUffrniivlrT  ?un}p» — Chain  H-iiup  ofUviMon — Old  Freuch  Pump  from  Beliilor — Suprnonly  of  IhitCbi* 
ccM  run*!*-  I'ftrrinl  by  Ihtt  SpnnJNrili  atiit  Dutch  to  thnir  Ahiatic  posM'wioD* — Be»t  rooOc  of  making 
and  iiiing  II — \V004lrn  Chains — Clmiti  Pump  id  Itrltlili  »hipk  (if  war — Dampirr — ftlodem  iniprnTriBesU 
—Dutch  Punip— Cnlr'i  Pump  anil  caprriinr<litf — Nnticr  of  Chain  Pumpt  iit  tbo  Aincrlcan  Navy — De* 
Krlplion  of  tUo*o  in  the  rmli^tl  j^Inlca  Ship  li)c]i-[)pndriicc — ('hincae  Pump  introduced  into  America  by 
Vttli  Braani— Employnd  in  ?outli  Amrnca — Hccrtitly  (nlro<lurcd  into  Kpypt — Uard  aa  a  •ubatilltle  far 
Water  Witoela — Pecutiar  f«aturo  in  Chiaeac  abip  buitding — Ita  advautafca. 

The  chain  pump,  although  not  described  by  A^itruvius,  is  introduced  ftt 
this  Diace,  because  it  seems  to  be  the  connecting  link  between  the  chain  of 
pots  and  the  miichine  of  Ctesibius.  Some  writers  suppose  it  to  be  derived 
fron:  the  former  ;  nor  is  the  supposition  improbable.  Numerous  local  cir- 
cumstanceg  would  frequentlj  prevent  the  chain  of  pots  from  being  used 
in  a  vertical  position,  and  when  its  directitin  deviated  considerably  from 
the  perpend icn 111 r,  some  mwle  of  protecting  the  loaded  vessels  while  as- 
cending nigged  banks,  &<■.  became  necessary.  An  open  trough  or  wood- 
sn  gutter  t.'iroiigh  which  they  miglit  glide,  was  a  sinnle  and  obvious  de-  ' 
vice,  and  one  thai  would  occur  to  most  people  ;  bui  sucli  a  contrivance 
could  not  have  lieen  lojig  in  use  before  i he  idea  muc.jave  been  suggested, 
that  pieces  of  plank  or  any  su lid  substance  which  would  occupy  ihe  entire 
width  of  the  gutter,  might  be  substituted  for  the  pots,  since  ihv»  would 
obviously  answer  the  same  purpose  by  pushing  the  water  before  thciD  j 
when  drawn  up  by  the  chain.  If  this  was  the  prcoess  by  which  the  transi- 
tion of  the  ciiain  of  pots  into  tlte  chain  pump  was  eS'eCIed,  there  c«n  be 
litiie  doubt,  that  old  engineers  soon  perceived  the  aiivantages  of  covering 
ino  tt>p  of  the  gutter,  and  converting  it  into  a  tu/>e  ;  as  the  maciiine  could 
then  be  used  with  etpiul  facility,  in  a  perpendicular,  as  in  any  olliet 
pos'tion. 

It  may  be  deemed  of  little  consequence  to  ascertain  tjie  circnmstances 
which  led  to  the  invenlion  of  the  chain  pump  ;  yet  a  knowledge  of  tlie 
period  ir/im  this  took  place  woukl  be  of  more  than  usual  interest,  on  ac- 
count of  the  analogy  between  it  and  the  oriiiiiary  pump,  and  of  the  rela- 
tionship thiit  appears  to  exist  between  (hem.  The  inlroduclion  of  a  itil>t 
through  which  water  i.s  raised  by  pallets  or  pistons,  is  so  obvious  an  ap- 
proach to  the  latter,  that  it  becomes  desirable  to  ascerloin  which  of  ihetn 
l)ears  tlie  relation  of  parent  to  the  other,  or  which  of  tliem  preceded  the  I 
other.  But  to  what  ancient  people  are  we  to  look  for  its  authors  T  Not 
to  the  Hindoos,  or  the  Egyptians,  for  it  is  incredible  that  either  of  these  ' 
people  should  have  lost  it,  if  it  was  ever  in  tlicir  possession,  ll.*  cheap 
and  simfile  construction — its  efficiency  and  extensive  application,  would 
corlainly  have  indiiriJ  tlicm  to  retain  it  in  preference  to  others  of  less 
value.  Nor  docs  it  apjiear  to  have  lieen  known  to  the  Greeks  ;  for  their 
navigators  would  never  have  employed  the  screw  as  a  ship  pump,  (aa 
Atheiieus  say.s  they  did,)  if  they  hail  Lo.rf.  acxjuiiinted  with  this  machine.  I 
Of  a';  hydraulic  tube  maciiiiif*,  l&t  B<;irtW  uueins  the  most  unsuitable 
for  such  a.  jmrpose.  It  reijuiitis  tu  U-  luclineil  nt  an  ariele  that  is  not  only 
inco-  a'uient  but  generally  ujialtiiimLde  m  ships.     But  if  the  Greeks  had: 
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(be  chnin  pump,  the  Romans  would  have  received  it  from  them;  whereu, 

frvin  the  silence  of  Vitraviui,  it  is  clear  thai  his  countrymeii  wpio  not  ac 

qmiiitcd  with  it.      As   an  engineer,  he   would    have    been   sengilile   of  iu 

»»lije,  a.fid  woula  tavc  preferred  il  in  many  cases,  in  raising   wuter  from 

culTer-cams,  dock»,  J."c.  to  the  tyirpanum  and  noria,  which  he  informs  us 

«'rv  cmphiyed  in  such  (;kscs.»     Arch.  Book  v,  Cap.  12.     Moreover,  if  ii 

n»  entptoyed  by  the  llomans.  it  would  have   been    preserved   ifi   use,  a.t 

iicr   mai:liine:   for  the   same   purpose,  either  in  Europe   or  in 

'  '        in  or  Asiatic  possessions ;   but  we  have   no  proof  of  its  use   at 

.iny  of  the  latter,  nor  yet  in  the  former,  till  comparatively  modern 

IJut  if  the  origin  and  improvement  of  the  chain  pump  is  due  to  one 
-ifttion  more  than  anciher,  to  whom  are  we  indebted  for  il  \  To  a  jwople 
&s  diittingiiished  for  their  ingenuity  and  the  originality  of  their  invenlions, 
ay  for  their  antiquity  and  the  peculiarity  of  many  of  their  customs  ;  and 
who  by  their  system  of  excluding  all  foreigners  from  entering  the  country 
have  long  concealed  from  the  rest  of  the  world  many  primitive  contrivan- 
ces, viz.  the  Crinesc.  This  singular  people  appear  to  have  had  little 
or  no  coramunicalion  with  the  celebrated  nations  of  anliijuity,  a  cir- 
.  cumstance  to  which  their  ignorance  of  the  chain  pump  may  be  attribut- 
ed. This  machine  has  been  used  in  China  from  time  immemorial,  and 
•3  connected  with  their  agriculture,  has  undergone  no  change  what- 
«:«er.  The  great  re«]uisites  in  their  husbandry  "are  manure  and  wa- 
ter, and  to  obtain  these,  all  their  energies  are  devoted."  Of  such  im- 
purtance  is  this  instrument  to  irrigate  the  soil,  that  every  laborer  is  in 
possession  of  one  ;  its  use  being  "  us  familiar  as  that  of  a  hoe  to  every 
Chinese  husbandman,"  "  on  implement  to  him  not  less  useful  than  a  spade 
to  an  Eunjpean  peasant."  Il  is  worthy  of  remark  too,  that  ihey  often  u»o 
h,  io  what  may  be  supposed  to  have  been  its  original  form,  viz.  as  an  open 
gutter  ;  a  circumstance  which  serves  to  strengthen  ilie  opinion  of  its  origin 
*nd  ereat  aiiti(|uily  among  them.  Like  the  peculiarity  of  their  compass, 
which  with  them  points  to  the  south,  it  is  a  proof  of  their  not  having  received 
it  from  other  people.  "  The  Chinese  [observes  Staunton]  appear  indeed 
to  have  strong  claims  to  tlie  credit  of  having  been  indebted  only  to  them- 
selres  for  the  invention  of  the  tools,  neces.sary  in  the  primary  and  neces 
sary  arts  of  life;  these  have  something  pieculiar  in  their  roiislruction,  somu 
ditferencc,  often  indeed  slight ;  but  always  clearly  indicating  that,  whether 
better  cr  worse  fitted  for  the  same  purposes  as  those  in  use  in  other  coun- 
tries, the  <rae  did  not  serve  as  a  model  for  the  other."'' 

But  the  general  form  of  chain  pumps  in  Chin,i  is  that  of  a  square 
tube  or  trunk  mode  of  plank  ;  and  of  various  dimensions  acccoiding  to 
the  power  employed  to  work  them.  Those  that  are  portable,  with  one 
of  which  every  peasant  is  furnished,  are  commonly  six  or  seven  inches  in 
diiuneter,  and  from  eight  to  ten  feet  in  length.  Some  are  even  longer,  for 
Van  Braam,  who  was  several  yeors  in  China,  and  who,  as  a  native  of  Hol- 
land, was  a  close  observer  of  every  hydraulic  device,  when  s]ieaking  of  them, 
remarks,  that  "  they  use  them  to  raise  water  to  the  height  often  or  twelve 
feet ;  a  single  man  works  this  machine,  and  even  carries  it  wherever  it  is 
wanied,  as  I  have  had  occasion  to  remark  several  times  in  the  province  of 
(.^uangtoiig  near  Vanipou."«  A  small  wheel  or  roher  is  attached  to  each 
end  oi  the    irunk,  over   which  an   endless  chain   is  praisscd.     Pallets,  or 


*  It  wu  prererred  by  the  architect  of  Black  Friars  Bridge,  London,  to  nine  Uie  water 
Irniii  Ui*  Cuiasons. 

•  Kmlja»j  to  Cliinv      I.on   17!H.     Vol.  iii.  102. 

<  Embas*}  of  liic  Dnicli  E.  I.  Company      Lon   1798.     Vol    i.  ?.'> 
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squ&rc  pJercs  of  plank,  fitliMl  co  as  to  fill  (like  the  pliton  of  a  commor 
pump)  tlio  bore  of  the  tube,  are  secured  to  the  chain.  When  the  machinr 
18  to  be  used,  one  end  of  the  tnink  is  placed  in  the  water,  and  the  trthe 
rests  on  the  bank  over  which  it  is  to  be  raised.  The  upper  wheel  or  rolle 
18  put  in  motion  liy  a  crank  applied  to  its  axle,  and  the  pallets  as  they  ascenr 
the  trunk,  push  the  water  that  enters  it  before  them,  till  it  13  dischargee 
above.  In  machines  of  this  description  one  half  of  the  chain  is  always 
outside  of  die  tube  and  exposed  to  view,  but  in  otliers  the  trunk  is  dividca 
by  a  ptank,  so  as  to  form  two  separate  tubes,  one  above  another,  and  heni-t 
the  chain  rises  in  the  lower  one  and  returns  down  the  upper.  These 
pumps  are  represented  as  exceedingly  eft'ective.  delivering  a  volume  01 
water  equal  to  the  bore  of  the  trunk.  Whenevar  a  breach  occirs  m  one 
of  iheir  canals,  or  repairs  are  to  be  made,  hundreds  of  the  neighboring 
peasants  are  summoned  to  the  work,  and  in  a  few  hours  will  emnty  aiarg-j 
section  of  it  by  these  mnehines. 

When  a  pump  is  inloiided  to  raise  a  great  quar,tity  of  water  at  once,  it 
is  made  proportionalily  larger,  and  is  moved  by  a  vcy  simple  tread  wlieei 
or  rather  by  a  series  of  wooden  arms  projecting  :'rom   various  parts  of  » 
lengthened  axle,  which  imparts  motion  to  the  chain,  as  represcntei  i'l  'ha 
figure. 
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No.  M.    ChincM  Chain  Punp. 

These  arms  are  shaped  like  the  letter  T,  and  the  upper  side  of  each  is 
made  smooth  for  the  foot  to  rest  on.  The  axle  turns  upon  two  upright 
pieces  of  wood,  kept  steady  by  a  pole  stretclied  across  lliem.  The  r"n- 
chlne  being  fixed,  men  treading  upon  the  projecting  arms,  and  supporting 
themselves  upon  the  In'am  across  iJie  uprights,  communicate  a  rotary  me 
lion  to  the  chain,  the  pallets  attached  to  which  draw  up  a  constat)!  anU 
copious  stream  of  water.  Another  mode  of  working  them,  which  Staur.- 
ton  observed  only  at  Chu-san,  was  by  yoking  a  buffalo,  or  other  animal,  \r, 
a  large  horizontal   cog  wheel,  working   into  a   vertical  one   fixed   "••   il"'. 
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mtm  5tia(\  ■with  the  wheel  that  imparts  motion  to  the  chain,  as  repivsent- 
ned  in  figures  49  and  54.*  Tlie  description  of  this  machine  by  Staunton  ii 
liniilar  to  that  previously  given  by  the  missionaries,  and  they  enumerate  the 
(Wnous  modeis  of  propelling  it  which  he  has  mentioned.""  But  Nieuhofl', 
fitk  llie  characteristic  sagacity  of  his  countrymen,  noticed  either  these,  or 
[Other  tnacliines   for  llie   same  purpose,  propelled   by  ifind.     When 

king  of  the  populous  city  of  Caoyeu.  and  its  environs,  he   observes, 

"they  biiast  likewise  of  store  of  windrniils,  whose  sails  are  made  of  mats. 
The  ^real  product  of  the  country  consists  of  rice,  which  the  peasant 
stands  oblmed  to  look  after  very  narrowly,  lest  it  perish  upon  tlie  ground 
by  too  much  moisture,  or  ton  mucii  heat  and  drought.  The  windmills, 
therefore,  are  to  draw  out  (Jw  tcalcr  in  a  moist  season,  and  to  let  it  in  as 
they  think  fit."  That  part  of  the  country,  he  continues,  is  "  full  of  such 
tiiills."  Several  of  them  are  represented  m  a  jilate,  but  without  showing 
pumps  moved  by  them.' 

These  were  very  likely  to  elicit  the  notice  of  a  Dutchman  ;  for  draining 
nills,  worked  by  horses  amJ  wind,  have  been   used    in   Holland  since  the 
14tJi   century.       They  consisted  however   principally   of   the   noria  and 
chain  of  pots. 

It  is  uncertain  wh<n  the  chain  pump  was  first  employed  in  Europe ; 
whether  it  was  made  known  by  Marco  Paulo,  Ibn  FSatuta,  or  subsequent 
travelers  in  China,  or  was  previously  developed  and  introduced  into  use, 
independently  of  any  information  from  abroad.  An  imperfect  machine  is 
descril(ed  by  several  old  authors.  This  was  a  common  jiump  log,  or 
wooden  cylinder  placed  perpendicularly  in  a  well ;  its  upper  end  reach- 
ing above  tlie  level  to  which  the  water  was  to  be  raised,  and  having  a 
lateral  spout,  as  in  ordinary  pumps,  for  the  discharge.  A  pulley  was  se- 
cured to  one  side  of  the  log  near  the  lower  orifice,  and  a  drum  or  wheel 
alwvc  the  upper  one.  One  end  of  a  rope  was  let  down  the  cylinder,  and 
iier  being  passed  over  the  pulley  was  drawn  up  on  the  outside,  and  both 

J»  were  then  spliced  or  united  over  the  drum.     To  this  rope,  a   number 

lealhem  bags  or  stuffed  globular  cushions  were  secured  at  regular  dis- 
tances. The  diameter  of  each  was  equal  to  the  bore  of  the  cylinder.  Ribs 
were  nailed  across  the  periphery  of  the  drum,  and  bi'tween  these,  the 
cushions  were  so  arranged  as  to  f^l!,  in  order  to  prevent  the  rope  from 
slipping.  When  thednim  was  put  in  motion,  the  cushions  entered  in  suc- 
rcssioti  die  lower  orifice  of  the  pump,  (which  was  two  or  three  fuet  below 
tlie  surface  of  the  water,)  and  pushed  up  the  liquid  before  them,  till  it  es- 
caped through  the  spouL 

Machines  of  this  description  vere  formerly  employed  in  mines;  chains 
of  iron  being  substituted  fur  the  ropes,  and  sometimes  globes  of  metal  in 
p'sce  of  die  cu.'hions.  The  latter  are  figured  by  Kirchcr  in  his  Miindiis 
Subierraneus,  Tom.  ii,  194.  Among  the  earliest  of  modern  authors 
who  have  deccribed  these  pumps  is  Agricola.  He  has  given  five  differ- 
ent figures  of  thc-m  but  they  differ  merely  in  the  apparatus  for  working 
tliem,  accordirig  to  the  power  employed,  whetherof  men,  animals,  or  water 
The  following  cut,  No.  65  is  from  his  '  De  Re  Metallica.'  It  exhibits  two 
Mparate  views  of  the  lower  end  of  the  pump,  showing  the  mode  of  attach- 
ing the  pulley  and  the  pc^ssage  of  the  rope  and  cushion*  over  it.  From  the 
nisemb'.ance  of  the  chains  or  ropes  and  cushions,  to  the  rosary,  or  string 
of  beads  on   which  Roman  catholics  count  their  prayers,  these   machines 


l»Staanlo»,  Vol.  iii.  315.    >' Dulmldc's  China.  Paris,  1735    Tom.  ii.  (Si, 
■  *OgilTT'»  TranKlalioD.  Lon.  1073,  pp.  S4,  85— snd  Ilistoire  Gfenerale. 
"^la    Toui.  Tiii,  81, 82. 
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oecarr.3  known  as  '  Pairrnostfr  pumps.'     For  the  sonie  reason  they  we 
named  Chajidet  by  the  French,  in  common  with  the  chain  of  pola. 


No.  6S.    Chftio  Pomp  from  Agncolk. 

The  next  author  who  dnscribes  these  pumps,  that  has  fallen  in  our  waVi 
IS  Bcuon.  Plate  50,  of  his  '  Theatre  Des  Iiistrurnens,'  is  a  represcntatior. 
of  a  double  one.  Two  cylinders  are  placed  parallel  to  each  other,  so  that 
llie  chain  passes  through  both.  It  ii  shown  as  worked  by  wind.  A  ver- 
tical shaft  witli  sails  is  secured  under  the  dome  of  aa  ■jj)en  tower  ;  a  cog 
wheel  on  tlie  lower  end  of  the  shaft  turns  a  trundle  or  ninion  which  is  fix- 
ed on  the  horizontal  axle  of  the  drum,  that  carries  tlie  cLain.  Thus,  when 
the  wind  turned  the  sails,  water  was  raised  through  one  of  the  cylinders, 
and  whi'ii  itieir  rnntion  was  reversed  by  change  of  tlie  wino,  the  Ii(|uid  was 
elevated  in  the  other.  Instead  of  stuffed  cuKhions,  as  in  the  preceding 
figure,  pistons,  resembling  somewhat  those  of  fire  engines,  or  forcing 
pumps,  i.  e.  double  cupped  leathers  are  shown,  f  Coquil/cs  Jond  cemtri 
fond' )  the  earliest  instance  of  their  use  that  we  have  met  with.  Besson, 
who  appears  to  claim  the  addition  of  tlio  second  cylinder  as  an  improve 
ment  ot  his  own,  was  a  French  ir.alheniatician  and  mechanioian,  and 
spent  a  great  part  of  his  life  in  mechanical  researches  ;  in  the  prose- 
cution of  which  he  visited  foreign  countries.  His  '  Theatre'  c<iniains 
such  devices  ns  ho  collected  abroad  aa  well  ns  those  invented  by  himself 
It  was  published  at  Lyons,  with  commentaries,  after  his  decease,  by 
BfToiild,  but  the  privilege  to  print  was  accorded  to  himself,  ten  years  pre- 
vious to  the  date  of  iw  jHiblicution,  i.  e.  in  1568." 

Kircher  also  figures  the  clniin  pump  with  two  cylinders.  The  imper- 
fect mechanism  and  enormous  friction  of  these  old  machines  confined 
their  application  to  a  limited  extent  m  Europe  during  the  16lh  and  17th 
centuries.  Desaguliers  left  them  unnoticed  ;  and  at  the  '.ime  Switzer 
wrote  (1729)  they  had  been  discontinued  in  England.  "  I  might  (he  ob- 
serves) from  Eocklcr  and  others,  have  produced  almost  an  innnius  njmlier 

•  Buyle.  in  liindictionary.  mvh  ncrould  vvns iwenty-two  yeurs  oT  nge  when  he  publiiik 
(d  " M>nie  conimentaripK  on  the  iiim^li»nic»  nl' JnnirD  Bcivoii;  but  lie  bail  MMXce  trial 
butfurtuue  tliat  wiiy  whvn  liu  ran  tiAcr  tlie  iihilnoulier's  stone." 
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ofdrafu  of  engine*,  wliich  are  placed  under  the  term*  Budroniia  and 
Hyilnilechnema,  Sec.  the  first  siijnirying  the  methods  of  raising  water  hy 
kukets;  ond  the  other  by  glol.es  or  figure*  of  any  regular  shupe,  fixed 
lu«ro[>f,  wliich  n.ipe  beini^  fksiened  at  each  end,  and  passing  through  an 
olmonithHr  pipe,  which  reaches  tVom  the  bottom  of  a  well  to  the  height 
loHoitli  ilie  water  u  to  be  conveyed,  brings  up  the  water  with  it ;  but 
iksekliil  (  f  engines  'teing  out.  tif  date,  1  shall  pass  over  tbiMn."*  IJolidor 
bu  Jiacribed  one  thai  was  used  in  the  ship  yards  and  docks  at  Mars<Mlles, 
which  is  rv>prt;sented  in  No.  66.  The  lower  pulley  was  dispensed  with  ; 
Bod  the  I'dce  of  the  pallets  or  pistons,  which  were  hemispheres  of  wood 
were  leathered.  It  was  worked  by  two  galley  slaves,  who  were  reli«"wiMJ 
«verf  hour. 
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No.  GO.    Old  French  Chain  Pump, 

Such  appears  to  have  been  the  general  construction  of  the  chain  pump 
in  Europe,  until  an  increasing  intercourse  with  the  Chinese  led  to  the  in- 
troduction of  the  machine  as  made  by  that  people.  The  credit  of  this 
i»,  we  believe,  due  to  the  Dutch.  From  the  peculiar  location  of  Hollaud 
with  regjrd  to  the  sea,  hydraulic  engines  have  at  all  times  been  of  too 
much  importance  to  escape  the  examination  of  her  intelligent  travelers. 
But  it  perhaps  will  be  said,  there  is  no  essential  or  very  obvious  distinction 
between  the  old  chain  pump  of  Europe  and  that  of  China:  admitting  this, 
still  there  must  have  been  something  peculiar  either  in  the  construction  or 
mode  of  working  the  latter,  to  have  produced  the  superior  results  ascrib- 
ed to  them ;  and  to  have  elicited  the  adminilinn  of  the  Jesuits  and  all  the 
•rly  travelers  in  China.  No  stronger  proof  of  their  superiority  need  be 
dduced,  than  the  fact  of  their  being  carried  in  the  17lh  century  friitn 
China  to  Manilla  by  the  Spaniards,  and  to  Balavia  by  the  Duk/i.*'  Hence 
thoy  were  previously  unknown  in  those  parts  of  Asia,  as  much  so  as  in 
Holland  and  Spain.  Navarrelte  mentions  them  with  great  praise  :  he 
tJiought  there  was  not  a  belter  invention  in  the  world  to  draw  water  from 
wells  and  tanks.*  And  Gamelli  (in  1C95)  describes  them  as  machines, 
wliich,  ill  his  opinion,  Chinese  ingenuity  alone  could  invent.''  Montanua 
mentioned  them  as  novel.  He  describes  one  as  an  "  engine  made  of  four 
tquaru  plojiic,  holding  great  store  of  water,  which   with   iron  chains,  tliey 

'lI»dn«tatiok»  31?    'HUtoire  Gtnfriile.  Tom.  viii,  81.   -^Ibid.   'Ibid, Tom.  vh.'iCy 
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bile  up  like  buckets.""  How  such  intelligent  mon  as  the  Jesuit*  jnJcubt 
ejly  were,  ".ould  use  such  liuiguagc,  if  an  effective  chain  pump  was  thee 
known  in  Turope,  it  is  difficult  to  conceive. 

Although  the  Chinese  pump  has  been  mentioned  by  all  trevelprt,  ne 
one  has  cntcrcc  sufficiently  into  details,  to  enable  a  mechanic  to  re^ilize  the 
construction  of  the  chain — mode  of  fixing  the  pallets — where  they  are 
attuched  to  it,  (kx.  the  centre,  or  on  one  side,) — nor  how  they  ar«  car- 
ried over  the  whcvli-  or  rollers.  One  cause  of  tlie  superiority  of  these 
oriental  machines  o  •«  r  those  of  Europe,  was  the  small  degree  of  fric- 
tion from  the  rubbing  i-i'  the  pallets,  when  pa&smg  through  the  trunk  .  wood 
sliding  readily  over  woud,  when  both  are  wet :  another  was  the  accuracy 
with  which  the  working  pur's  were  made.  The  experience  o{  ages,  and  the 
immense  number  of  work-n;n  constantly  employed  ii.  fabricating  them, 
through  every  part  of  the  empii  •,  had  brought  them  to  great  perfection:  bul 
the  pofUioH  in  which  they  are  «  •>.  ked,  also  contributed  lo  increas*'  the  quan- 
tity of  water  raised  by  them,  for  ej-^ept  in  particular  locations,  they  are  al- 
ways inclined  to  tlie  horizon,  as  shova  in  No.  64.  Now  it  has  been  ascer- 
tained that  lo  construct  and  use  a  chain  yump  to  the  best  advantage,  the  dia- 
tance  between  the  pallets  should  be  equal  tx  their  breadth,  and  the  inclination 
of  the  trunk  about  24°,  21'.  When  thus  a.-r.-ngeH,  according  to  Belidor,  it 
produces  a  maximum  effect.**  The  author  jest  named  speaks  of  one  at 
Strasburgh,  die  chain  of  which  was  made  of  'voon,  which  being  lipht 
and  flexible,  was  very  efficient,  requiring  mucl  les'  labor  to  work  it  than 
those  in  which  the  chains  were  iron.  This  leads  u."  to  a  remark  which 
we  do  not  recollect  to  have  seen  in  any  English  work,  viz.  'hat  in  most 
f  not  in  all  the  Chinese  smaller  pumps,  the  chains  arj  of  rhat  maCeiial. 
One  of  them  is  thus  described  by  the  Jesuits  •  "  Une  machine  hydrxuliqi^e 
dont  le  jeu  est  aussi  simple  que  la  composition.  Elle  est  comuosee  d'unt 
chaine  de  boit,  ou  d'une  sorte  de  chapek-t  de  petites  planches  quarrcea  do 
six  ou  sept  pouces,  qui  sont  comme  eafilee  parallclcment  a  d'egales  dis- 
tances.    Cette  chajne  passe  dans  un  tube  quarre,"  &c.* 

In  the  latter  part  of  the  17ih  century,  chain  pumps  were  used  ir 
British  men-of-war.  In  Dampier's  Voyage  to  New  Holland  in  the  'Roe 
buck,'  a  national  vessel,  he  mentions  one.  This  ship  on  returning  hnmc 
sprung  a  leak  near  the  Island  of  Ascension,  and  the  water  [lOurcd  in  s< 
fast,  he  relates,  that  "  the  chain  pump  could  not  keep  her  free — I  .<et  the 
hand  pump  to  work  also,  and  by  ten  o'clock,  sucked  her — I  wore  ilie  ship 
and  put  her  head  to  the  southward,  to  try  if  that  would  ease  her,  and  on 
that  tack  the  e//a/«  ^7H// just  kept  her  tree."  English  ships  of  war  now 
carry  four  of  those  ptinins,  and  ihree  common  ones,  all  fixed  in  the  same 
well ;  whereas  it  would  appear  from  Dampier,  that  they  had  formeily  bul 
one  of  each.  "  In  the  afternoon,  (lie  observes.)  my  men  were  all  employed 
pumping  with  i«(A  pumps."  Shortly  aftervards  the  ship  foundered,*  The 
vessels  of  Columbus  were  furtiisliud  with  pumps;  and  so  were  those  of 
MagalliaiH.-s  ;  but  these  were  probably  die  common  instruments  referred  lo 
above  as  '  hand  pumps.'* 

In  Dampier's  time  chain  pumps  were  very  imperfect.  The  chuin,  and 
the  wheel,  which  carried  it,  were  inaccurately  and  badly  made  ;  hence 
when  the  machine  was  worked,  the  former  was  constantly  liable  to  slip 
over  the  latter;  and  the  consequent  violent  jerks,  from  the  great  werglii 
of  the  water  on  tlie  pallets,  often  burst  the  chain  asunder,  and   under  cir 

■  Alln«  CJrmi;n?-iM,  irniMJnted  Uy  Ogilvy.     Loii,  1671,  page  675. 
■■  .-Vrcli.  ll^draiiliqiic,  Tom.  i,  :(t>3.     '  Histnire  G6neral«,  Tom.  viii,  83,  and  OnluiMt 
Tom.  ii.  66.     *  Daiiipiei'»  Vo^aj^es,  Vol.  iii,  IHI.  193. 
'Irvitig'a  Columbiu  Vol  ii,  127,  and  Barney's  Voyages,  Vol.  i.  119 
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cttfHsUnces  vrhicb  rendered  it  difiRcuh  and  soractinics  impossible  to  repoif 
it.  These  deiects,  which  in  some  cases  led  to  the  loss  of  vessels  and  of  liu- 
toan  life,  at  length  excited  ll)e  attention  of  European  mechanics,  and  in 
tJie  following  ceniury.  numerous  projects  were  brought  forward  to  im- 
prore  the  chain  pump,  or  to  supersede  it.  In  1760,  Mr.  Abbot  inreiitcd  a 
ship  pump,  w^hich  wai  represented  as  of  a  very  simple  construction,  and 
wbicli  threw  "  five  hundred  hogsheads  of  water  in  a  minute ;  [!]  the 
handle  by  which  it  is  worfed,  is  in  the  manner  of  a  common  winch, 
which  turns  with  the  utmost  facility  either  to  the  right  or  the  left."*  In  the 
following  year,  the  States  of  Holland  gi-anted  to  M.  Linierc,  "  an  exclusive 
privilege  for  iwenlv  five  years,  for  a  pump,  which  upon  trial  on  board  a 
Dutch  man-of-war,  and  in  the  presence  of  the  commissioners  of  the  ad- 
miraltv.  beinp  worked  by  three  men,  raised  from  a  depth  of  twenty-two 
feet,  tour  tons  of  water  in  a  minute,  tliat  is,  240  tons  of  water  in  an  hour."'' 
In  1768,  Mr.  Cole  introduced  some  considerable  improvements  in  English 
ship  pumps  An  experiment  made  in  that  year  is  very  interesting,  as  it 
shows  the  imperfections  of  tbe  old  ones,  especially  the  enormous  amount 
o{ J'rictum  to  which  they  were  subject.  "  Lately,  a  chain  pump  on  a  new 
construction  was  tried  on  board  his  Majesty's  sliip  Scajurd,  in  Block 
House  Hole,  which  gave  great  satisfaction.  There  were  present.  Admiral 
Sir  John  Moore,  a  number  of  sea  officers  and  a  great  many  speclulor% 
Tbe  event  of  the  trial  stands  tlius  : 


The  New  Pump,  Mr.  Calc't : 
Four  men  pumped  out  one  ton  of 

water  in  43J  seconds. 
7\ro  men  pumped  out  one  ton  in 

55  seconds." 


The  Old  Pump  : 
Seven  men  pumi)ed  out  one   Ion 

in  76  seconds. 
Four  men   pumped  out  one   ton 

in  .')5  seconds. 
Two  men  could  not  move  it."' 


The  chain  ir.  Cole's  pump  was  ma<1c  like  a  watch  cbaiji,  or  those  which 
coajmunicaie  motion  to  the  pistons  of  ordinary  fire  engines,  i.  c.  every 
oilier  link  was  formed  of  two  plates  of  iron,  whose  ends  lapped  over 
those  of  a  single  one.  and  secured  by  a  bolt  at  each  end.  These  bolt^ 
formed  a  joint  on  which  they  moved  ;  but  instead  of  their  ends  being 
riveted*  one  was  ibrmed  into  a  button  head,  and  a  slit  made  throuj^h  the 
other,  for  the  admission  of  a  spring  key,  so  that  they  could  be  taken  out 
at  plea'ure.  By  this  device,  whenever  a  link  or  bolt  was  broken  or  worn 
cut,  another  one,  from  a  store  of  them  kept  on  hand  for  the  jiurpose,  could 
tie  supplied  in  a  few  moments.  In  some  experiments,  the  chain  was  pur- 
posely separated,  and  drojiped  into  the  well  in  a  ship's  hold,  whence  it 
wu  taken  up,  repaired,  and  the  pump  again  set  to  work  in  two  minutes. 
Chains  similar  to  these  had  been  previously  employed  by  Mr.  Myliie  in 
ibe  pump*  that  raised  the  water  from  the  caissons  at  Black  Friars  Bridge. 

"The  pistons  were  formed  of  two  plates  of  brass  or  iron,  having  a  disk  of 
thick  leather  between  them,  of  the  same  diameter  as  the  bore  of  the  pump. 
The  edges  of  the  leathers,  when  wet,  do  not  bear  hard  against  the  sides  nf 
the  pump  ;  indeed  it  is  not  necessary  that  they  should  even  touch  ;  tor  the 
Water  tliat  escnpes  past  one,  is  received  into  the  next  comparimfiit  below  ; 
and  when  a  rapid  motior.  is  imparted  to  the  pistons,  tlie  inertia  of  ihe  mov- 
ing column  prevents  in  a  great  measure  any  from  descending.  Tiie  wheel 
which  cuiTies  the  chain  is  generally  made  like  tlie  trundles  in  iiiitis,  viz. 
two  thin  iron  disks  or  rings  are  secured  about  eight  or  nine  inches  apart, 
upon  the  axle,  and  are  united  by  several  bolts  at  their  circumference.    The 


t  ondou  Ma«a7.io«  (or  17G0,  p.  321      <•  Uiid.  1763,  p  283.    '  Ibid.  1768,  p.  49!l. 
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distance  between  these  bolls  is  such  lliat  the  pislo.is  fall  il.  between 
liieni,  and  are  carried  round  oy  them.  Somelimes  howei-ir,  the  links 
have  hodks,  which  take  hold  of  the  bolts.  A  lower  wLotl  is  now 
dispensed  witJi,  and  the  end  of  the  pump  slightly  cun'«?d  Inwards  the 
descending  cJiain,  to  I'acilitute  the  entrance  of  the  pistons.  These  ma- 
chines are  generally  worked  in  ships  of  war  by  means  of  a  long  craix 
attached  to  the  axle,  at  which  a  number  of  men  ran  work.  Tn  joiiie  ve* 
sels  they  are  moved  by  a  capstan.*  The  pump  rvlindersare  oi'  iron,  mn 
■ometinies  of  brass,  the  latter  being  inclosed  Ai'Jiin  and  protocleil  by 
wooden  ones. 
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No.fl7.    Chain  Pump  la  the  U.  8.  Ship  lodepeiidfliif^. 

Fit  the-foUowing  facts  connected  with  l5ie  use  of  the  chain  pump  'o 
the  United  Suites  Navy,  we  ui-e  induKted  In  Mr.  Har',  Naval  Constnicloi 
in  tlie  New- York  Navy  Yard.  The  fir«l  United  States  ship  of  war, 
which  had  one,  was  the  '  Boston,'  built  at  i'oslon,  in  1799.  Mr.  Hart's 
fadier  made  the  pump.  The  chain  was  fcirmed  of  common  o%  chains, 
and  the  wheel  which  tarried  it  was  of  wood,  having  forked  jiieces  i>f  iron 
driven  into  its  ]ierlp)hery,  between  which  the  chain  was  received  :  the  cyl- 
inders were  common  pump  lops  of  six  inches  bore.  This  imperfect  ma- 
chine was  replaced  the  following  year,  by  one  formed  after  a  Fn.'n^ti 
model,  the  chain  and  cyliiider.t  bring  of  copper,  In  ISOS,  the  Frigate  <,'o«- 
MlitmiuM  had  two  similar  ones  placed  in  her  ;  and  aboul  the  same  timr, 
they  were  adopted  in  other  public  vessels;  but  in  the  course  of  a  few 
years  were  discontinued  generally,  either  from  the  prejudice  of  the 
seamen,  or  from  the  increased  tabor  and  expense  of  repninng  the  pis- 
tons.    In  ordinary  pumps,  a  single  box  or  piston  only,  has  to  be  re-lealh 

•Tlie  VL'sselii  of  tlip  expUiring  expcdilion  »ent  out  by  the  Britifili  nduiirnily.  under  the 
comniRiiJ  of  Ciipt.  (Ivvcn,  liaij  llieir  rimiii  |)iuu|>t>  fiUi'd  tu  work  l>y  tlie  cap^lno,  undet 
the  imprccsion  iIkiI  il  wjis  n  inore  t'conomical  tiiode  lluiu  llii?  crank,  of  nppU  iiij;  per 
donal  ialinr.  '  Nnrrnlive  of  \'iivfici'a  lo  explore  ibe  slioren  ol'.-Vfricu,  Arubiu  aud  .Muda 
gascur,  in  182].'  Vol  i.  p.  14.  N.York  Ed.  1833. 
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ered;  but  in  the  thain  pump,  from  tliirty  to  fifty  Iia\'o  to  be  renewed 
when  worn  out  The  cliain  pitmps  in  the  British  sloop  of  war  Ci/atif 
were  taken  out  when  »hc  Wtt3  captured,  and  common  pumps  put  in 
;'  o.      Recently  a  change   of  opinion   resjiecting'   these    pumps   hni 

I  e,  for  within  o  finv  year*  they  have  to  a  liiaitej  extent  been  re 
iiilr  Mu.  i<l  intJi  the  nnvy.     In  1837,  ihe  Ijiilcpciuli-nce  was   furnished    wi' 
twrii.t   tlicm  ;   and   in   1838,  the  smnc   number  were  p'uced  in  llie  Ohio- 
botli  \<— s"-l-(  still  retain  the  ordinary  pumps. 

A  <I>-TM  jiption  of  one  of  those  on  Ixmrd  the  Independence,  which  is  now 
Citing  for  sea  in  tliis  harlxir,  will  give  a  correct  idea  of  tlicni  all.    See  No.  G7. 

Two  copjHir  cylinders,  seven  inches  diameter,  and  about  twenty- two 
feet  long,  extend  from  the  surface  of  the  main  pun-deok  to  the  well.  The 
one  in  which  the  chain  ticsccmlt,  if  continued  ten  or  twelve  inches  al)ove 
tlie  deck  to  prevent  the  water  that  is  raised,  from  returninij  through  it 
•igain  to  the  well.  A  horizontal  wrought  iron  sl-.aft  is  placed  between  the 
cylinders  and  supported  by  a  stout  frame  on  wliich  its  journals  turn.  On 
this  <>haft,  a  strong  cast  iron  wheel,  two  feet  in  diameter,  is  secured,  having 
twelve  arms  radiating  like  the  spoke«  of  a  carriage  wheel  from  tin;  hub.  A 
(No.  C7)  represents  two  of  these  arms  with  a  portion  of  the  shaft.  A  re- 
cess 18  forined  at  the  extremities  to  receive  the  chain,  and  prevent  it  from 
slipping  off"  on  either  side.  Figs.  1  and  2,  represent  the  links.  They  are 
of  copfH-r,  seven  inches  long,  one  and  a  half  inch  wide,  and  one  quarter 
of  an  inch  thick,  end  are  similar  to  those  in  Cole's  pumps.  The  pallets  or 
piston?!  are  formed  on  the  middle  of  every  alternate  link;  that  in,  on  those 
which  arc  made  of  a  single  piece.  A  circular  plate  about  a  quarter  of  an 
inch  thick,  is  cast  (see  fig.  1,)  of  a  diameter  rather  les*  than  the  bore  of 
the  cylinders.  Another  loose  plate  of  the  same  dimensions  (fig.  3.)  has 
an  ojjoning  in  ita  centre  to  allow  it  to  pn.s9  over  the  link  and  lay  upon  the 
other.  Between  these,  a  disk  of  leather  is  introduced,  i.  e.  a  circular 
piece  just  like  fig.  3,  but  of  a  diameter  equal  to  the  bore  of  the  cylinder. 
This  i»  first  placed  on  the  fixed  plate  in  fig.  1,  then  fig.  3  is  laid  over  it., 
aimI  to  secure  the  whole,  a  key  or  wedge  is  driven  through  a  slit  in  the 
link,  just  above  the  surface  of  fig.  3,  and  thus  compresses  the  leather  be- 
tween them.  Wiien  the  pumps  are  used,  long  cranks  are  applied  to  each 
end  of  the  shaft,  so  that  fil'|p<'n  or  twenty  men  can  be  engaged  al  the  same 

ne  ill  working  them.   In  the  Imh/Hmhtu-c,  these  cranks  extend  across  the 
Jeck,  and  thereby  interrupt  the  pa-srage  way.     They  should  in  all  public 
[^roesels  be  arranged,  if  possible,  '  fore  and  aft.'     The  arrows  show  the  di- 
rection of  the  chuin. 

The  introduction  of  the  chain  pump  inio  ships  is  probably  due  to  the 
Cliinote,  as  tl>ey  use  it  in  their  sea  jimks;  and  it  is  not  likely  thai  tiiis  ap- 
plication of  it  IS  of  recent  date  among  them.*  The  early  missionaries 
thought  that  buckets  only  were  employed  in  raising  bilge  water  from 
the  h'Wiis.  It  is  not  much  used  we  lielieve  in  the  French  navy.  In  tJie 
Dictionnaire  de  Trevoux,  it  is  named  tlie  Ungli'li  pump, 

The  Chinese  chain  pump  was  introduced  into  the  United  States  by 
Andre  Evemrd  Van  liriiam,  who  was  several  years  chief  of  the  llwlch 
£ast  India  Coinpimy  in  China,  and  who  sellled  in  South  Carolina  at  tlie 
close  of  the  revolutioniirv  war.  In  1701,  he  was  appointed  second  in  the 
Dutch  embassy  to  Pekin,  and  in  17DG,  he  returned  and  settled  ne'ir  Pliilii- 
dclpliin.  In  his  account  of  the  embassy,  a  translation  of  which  was  piil>- 
lished  at  London  in  170S,  and  dedic.ited  by  him  to  General  Washington, 
tad  to  which  we  have  heretofore  referred — he   rt^marks,  s]>eaking  of  the 
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Chinese  pumps,  "  I  have  introduced  the  use  of  them  into  the  United 
States  of  Americn,  wlierc  llioy  are  of  great  utility  in  rivers,  in  conse- 
quence of  the  little  latM)r  they  recjuire."  (Vol.  i,  74.)  -We  are  not  aware 
tnat  they  are  miirli  used  in  this  country  nt  llie  present  lime.  The  chain 
pump  is  enijilciyed  in  the  diamond  districts  of  Brazil.  M.  Mawe,  in  his 
Travels,  has  tiuured  and  t!escril>ed  it  as  uRcd  there.  It  has  also  been  re- 
cently introduct'd  into  I'ljrypl,  where  it  is  more  likely  to  become  domi- 
ciliated, than  the  attii(isph«Tii;  and  forcing  pump,  which  Belzoni  endeavored 
in  vain  to  establish  ;  although  St.  John  seems  to  think  even  it  is  rather 
too  complex  for  the  preiieiil  state  of  the  mechanic  arts  in  the  land  of  the 
Pharaohs.  "  Windmills  for  raising  water,  and  cham  pumps,  ha\'e  been 
introduced  into  Egypt;  but  as  these  are  machines  which  require  some  re- 
gard to  lite  principles  of  good  workmansiiip,  they  are  by  no  means  fitted 
fur  general  use."     Egypt  and  Mohammed  Ali,  vol.  i,  14. 

The  chain  pump,  as  well  as  [lie  screw,  noria,  chain  of  pots,  ice.  has 
been  adopted  as  a  first  mover.  Placed  perpendicularly  on  the  side  of  a 
precipice,  or  wherever  a  small  stream  of  water  can  be  conveyed  into  its 
upper  orifice,  and  can  escape  from  its  lower  one,  the  motion  of  the  chain 
is  reversed  by  the  weight  of  the  liquid  column  acting  on  the  pistons.  A 
wheel  similar  lo  the  upper  one  is  fixed  below,  over  which  the  chain  also 
passes ;  and  from  ilie  axle  of  either  wheel  the  power  may  be  taken.  A 
jiatenl  for  this  application  of  the  chain  pump  was  granted  in  En£:laud 
in  17S4. 

There  is  another  device  of  the  Chinese,  which  is  worthy  of  imitation ; 
and  considering  the  increased  security  it  offers  to  floating  property,  and 
die  aJditional  safety  of  the  lives  of  navigators,  it  is  surprising  that  it  has 
not  been  adopted  by  Americans  and  Eurojieans — viz.  the  division  of  the 
holds  of  ships  by  water-tight  partitions.  The  Chinese  divide  th^  holds 
of  their  sea  vessels  into  about  a  dozen  distinct  compartments  with  strong 
plank ;  and  the  seams  are  caulked  with  a  cement  composed  of  lime,  oil, 
and  the  scrapings  of  bamboo.  This  composition  renders  them  imper- 
vious lo  water,  and  is  greatly  preferable  lo  pitch,  tar  and  tallow,  since  it  is 
said  lo  be  incombustible.  This  division  of  their  vessels  seems  to  have 
been  well  experienced  ;  for  the  practice  is  universal  throughout  the  em^ 
pire.  Hence  it  sometimes  happens  that  one  merchant  has  his  goods  safely 
conveyed  in  one  division,  while  those  of  another,  suffer  considerable  da- 
mage from  a  leak  in  the  compartment  in  which  they  are  placed.  A  ship 
may  strike  against  a  rock  and  yet  not  sink,  for  the  water  entering  liy  the 
fracture  will  be  confined  to  the  division  where  the  injury  occurs.  1  o  the 
adoption  of  a  similar  plan  in  European  or  American  merchantmen,  beside 
tlie  opposition  of  popular  prejudice  and  the  increased  expense,  an  objec- 
tion might  arise  from  the  reduction  it  would  occasion  in  the  quantity  of 
freight,  and  the  increased  difliculty  of  stowing  bulky  articles.  It  remains 
to  be  considered  how  far  these  objections  ought  lo  prevail  against  the 
greater  security  of  the  vessel,  crew  and  cargo.  At  any  rate,  such  objec- 
tions do  not  apj)ly  lo  ships  of  war,  in  which  to  carry  very  heavy  burrlens. 
is  not  an  object  of  consiaeratioii.     Staunton's  Embassy,  vol.  i'    136. 
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OsiJi?  kyinuhe  w«rki  of  (h«  uuiient  inlubitaau  ot  Aai«rkB :  PopaUUou  of  AdkIiuoc — Vtroe^tj  ol  Ihii 

iftMnk  iKvwlrri  — SHf«jC(  1  of  aacirnl  hydraulic  workt  iDtrrfUn^ — AqucducU  of  tbe  ToUsci — AnctriDI 

MulcMa  *clt»^Hot.f«»  lupiilied   with  watrr  by  pipr^— rKl«<:e  nf  Motrziiiiiii  — rerrrclion  of  MFXicaa 

•irWu  ■Mtal^—Corlrz— Market  in  aacipal  M*-Kico— llyjrauhc  wurk^^Fountaina  and  jrl*  d'uau — No< 

^  satf  otk«r  Rjacl-*iir« — Talt^nqoe  .  lu  aqurducu,  htemf  l^'jihtca.  kc. — W'clU  in  aucicul  and  iua<J«ni 

VlaalAft— Relhca  a.' furmrr  afea,  and  Iradltiouj  of  tlie  Indiatii.     Hydraulic  wurki  of  tbo  Paruviaaa ' 

t'mMoa^  n  auuf  to  water — Hufflaoily  of  tbe  early  locaa — AqucducU  and  roaerroiri — Beaeudilaace  of 

rervtlsn  aud  KgypUan  cuMuoi*— Oarcilaaao — Civiliaatiuii  io  I'eru  before  the  unie*  of  the  Incus — GianU 

«»Vr«Ua— StU|wntlon»  aqueducu,  and  oilier  moaumenu — Aulialipa— I'ullevt — Tuleroa  of  (fold  and  kit- 

ffw  is  Ibe  hiwiaaa  ct  the  Incaa— Tenplea  and  |f  ardeui  auppUed  by  pi|>ei — Teui)de  at  Cuacu :  ita  water 

var^a  and  nlannla— Einbroidcrad  clotb— Maiico  Capac. 

It  liAa  l»een  a  suhject  of  regret,  that  wc  have  oeen  unable  to  obtain  any 
Bjfcrific.  irifomialion,  respocling  the  emjiloyment  of  mai-hines  to  raise 
water  on  the  American  continents,  previous  to  the  visit  of  Europeans  in 
The  15th  and  ICth  centuries.  And  yet  there  can,  we  think,  be  scarcely  a 
doubt,  that  in  those  countries  where  civilization  and  the  arts  had  made 
considerable  progress,  as  Peru,  Chili,  Guatimala,  and  Me\ico,  such  ma- 
chines had  long  been  in  use.  Unfortunately,  accounts  of  those  countries 
by  early  European  writers,  contain  little  else  than  details  of  the  success- 
ful villany  of  those  savage  adventurers,  who,  under  the  cloak  of  religion, 
tnd  by  the  tnosi  revolting  perfidy,  robbed  the  natives  of  their  indepen- 
dence, their  property,  and  myriads  of  them  of  their  lives. 

It  is  impossible  to  reflect  on  the  great  population  of  ancient  Anahuao— 
the  progress  which  the  patives  had  made  in  the  arts — the  separation  of 
trades  wid  professions — their  extensive  manufactures — the  splendor  of 
their  buildings — tlieir  laws — the  rich  produce  of  their  highly  cultivated 
fields — the  freedom  and  prosperity  of  the  republics  of  Tlascala,  and  the 
comparative  general  happiness  of  the  ir.babitanl8 ;  with  the  utter  desola- 
tion liniught  on  them  and  their  country  by  the  Spaniards — without  ft;eling 
emotions  of  unmitigated  indignation.  No  one  can  read  even  Svlis,  the 
"vocaie  of  Cortez  and  the  palliator  of  his  conduct,  without  being  thrilled 
ith  horror  at  the  uniform  treachery,  cruelty,  and  blasphemy  of  that  man 
iris  Wiitchword  of'  the  Holy  Ghost,'  while  slaughtering  the  natives  on  one 
occasion  like  sheep,  conveys  but  an  imperfect  idea  of  his  ferocity  and  in- 
diffi-rence  to  their  suflerings,  and  of  the  disgusting  atfectalion  of  promoting 
cliristianity,  under  which  he  pretended  to  act.  'Iteligion,'  saysSolis,  'was 
always  his  principal  care.'  The  Spaniards  affected  to  shudder  at  the  san- 
guinary gods  of  the  Mexicans,  which  required  human  sacrifices — while 
tJift/  immolated  in  cold  blood,  hecatombs  of  the  natives  to  the  demons 
they  themselves  worshipped — viK.  avaricr.  and  ilominion — until  the  land 
was  filled  with  slaughter,  and  whitened  with  the  bones  of  their  victims. 
It  is  said,  that  "  in  seventeen  years,  they  destroyed  above  six  millions 
of  them."  No  romance  ever  equalled  in  horror  the  tragedies  per- 
formed by  Almagro,  Valdivia,  Cortez  and  Pizarro^and  yet  these  men 
have  been  lielil  up  as  examples  of  heroism,  and  our  youth  have  been 
tausfht  to  admire,  and  of  course  to  emulate  '  the  glory  of  Cortez.' 

It  is  more  than  probable  that  the  people,  who,  in  remote  times,  in 
babited  the  southern  continent  and   Mexico,  remains  of  some   of  wIioas 
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works,  rival  in  magnilude  those  of  Egj-pt  and  Tndio,  and  tnniiy  of 
them,  (the  roads  and  aqueducts  particularly',)  equalled  in  utility  lUn 
nullest  works  of  Greece  and  Rome — were  iiol  without  hydraulic  en- 
gines ;  and  had  descriptions  of  them  been  preserved,  ihey  would  have 
furnished  more  interesting,  and  perhaps  more  certain  data,  respecting  the 
peopling  of  America,  and  of  the  ori^n  of  the  Toltec  ai.d  A^tec  races, 
than  any  olliers  derived  from  the  useful  arts.  From  the  a-.aiotry  there  it 
between  some  of  the  arts,  manners,  and  customs  of  the  ancient  people  of 
Mexico  and  South  America,  and  those  of  Asia,  we  might  s'ippose  that  the 
swape,  bucket  and  windlass,  noria,  and  chain  of  pots,  a.ij  perhaps  the 
chain  pump  were  known  to  them;  but  of  this  we  have  met  with  no  direct 
proof  Were  the  fact  established,  that  tliey  were  in  possession  of  these 
machines,  it  would  greatly  tend  to  prove  their  Asiatic  origin  in  post- 
diluvian limes;  while  on  the  other  hand,  if  lacking  these,  they  had  others 
peculiar  to  themselves,  such  a  fact  woulci  be  one  of  the  most  interesting 
circumstances  connected  with  the  early  bistort'  of  these  continents;  and 
might  be  adduced  to  sustain  the  hypothesis  of  those  who  consider  this 
hemisphere  as  having  been  uninterrupledly  occupied  by  man,  from  times 
anterior  to  Nouh'a  flood  ;  and  conse(]uently  many  of  the  machines,  arts, 
and  productions  of  the  inhabitants  peculiar  to  themselves. 

The  Toltecs,  we  are  informed,  introduced  the  cultivation  of  inaixe  and 
cotton  ;  they  built  cities,  made  rri;ids,  and  constructed  those  great  pyramids 
which  are  yet  tt<lmired  ;  and  of  which  the  faces  are  very  accuralelv  laid 
out ;  they  could  found  metals,  and  cut  the  hardest  stone — they  knew  the 
use  of  hieroglyphical  paintin<r,  and  they  had  a  solar  year,  more  perfect 
than  that  of  the  Greeks  and  Uomnns,  "  Few  nations  (says  Humboldt) 
moved  such  great  masses  as  were  moved  by  the  Mexicans."  proof;*  of 
which  are  still  found  among  the  ruins  of  their  temples.  The  calender 
stone,  and  the  sacrifice  stone,  in  the  great  square  at  Mexico,  contaiiiini; 
282  and  .353  cubic  feet ;  a  carved  stone  dug  up,  which  was  upwnrtjs  of 
zafeet  in  length,  19  feet  in  breadth,  and  about  10  deep — are  example*;nnil 
the  colossal  statue  of  th«!  Goddess  Trtiyrioiiiiqvi,  is  another.*  And  what  \i 
more  to  our  purpose,  remsiiiis  of  aqukhdcts,  of  surprising'  magnitude  anU 
workmanship,  are  found  ihrotighoiit  Chili,  Mexico,  ami  I'eru. 

Nor  liad  these  arts  been  lost  at  the  period  of  the  Spanish  invasion.  At 
that  time,  agriculture,  c-tificial  irrigation,  and  many  other  of  the  mechanic 
arts,  especially  those  which  relate  to  the  metals,  appear  to  have  been  in 
8  more  advanced  state,  than  they  have  ever  been  in  Spain,  during  anv 
subsequent  period.  When  Grij.'dva  and  his  companions  landed  in  Yuca- 
tan, (in  1518)  they  were  astonished  at  the  cultivation  of  the  fields,  and  the 
beauty  of  the  edifices — as  well  as  at  the  ornaments,  &c.  in  gold,  which  tb«> 
natives  possessed,  the  value  of  the  workmanship  often  '  exceed  ins:  that  nj 
Hit  mehil.'  TIascala,  (saya  Solis.)  was  at  that  period,  "  a  very  populous 
city  ;"  the  houses  were  built  of  stone  and  brick,  their  roofs  were  flat  and 
surrounded  with  galleries.  The  TInscalans,  says  Herrcrn,  had  baths,  bow- 
ers, and  founfains,  and  whenever  a  new  house  was  finished,  thev  had  feasts 
and  dancing,  &:c.  like  the  /louxe  n-arming  of  ohl  in  Europe.  Every  house 
in  Zem[>onla  had  a  garden  u-if/i  tra/er.  Ancient  irilU  are  still  in  use  in 
Mexico,  some  of  which  arc  two  and  three  hundred  feet  in  depth.  Water 
is  drawn  from  them  to  irrigate  the  soil. 

The  city  of  Choltda  was  located  in  a  delightful  plain ;  it  contained 
80,000  inhabitants,  and   the   number  in  its  suburbs   was   greater.      The 


•  CInvigoro  »ny».  colinnn.*  of  sloiie  of  unn  piece.  fH)  fi-el  loiuj.  niid  20  lect  in  circi)U> 
Terence,  were  eAlunt  in  lii«  tune,  iii  ttie  ediliccn  ol  Miclluii.     Mexico.  Vol   I,  4°<!0. 
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SpcJtrrlj  coropnreJ    it  to  Vallailolid    for  its   bcaut^i    and  mag-niiic«.ice. 

It  «iu  a  great  emporium  of  merchandise.     Strangers  from  distant  purLs  of 

llw  continent  flocked  to  it.     Solissaya,  th<«  streets  were  wide  and  well  laid 

wit;  the  buildings  larger  and  of  better  arcliitcinure  than  those  of  TlaHcalu, 

Md the  irhabilants  were  principclly  merchants  and   mechanics.     Corte* 

(iiinsi'lf,  ttter  enterin^j  this  city,  thus  speaks  of  it  in   a  letter  to  Charles  V. 

"Tlie  inhibitanls  are  better  clothed  than  any  we  have  hitherto  seen.    Peo- 

Jileineiu-   circumstances   wear  clonks   above   their  dress;   these    cloaks 

Afcrfnir:   hoae  of  Africa,  for  they  hove  pockets,  though   the  cut,  cloth 

-  are  the  same.     The  environs  of  the  ciiy  are   very  fertile  and 

.ted.     Almost  all  the  Jlclih  maybe  wnleral ;  and  the  city  ia 

mich  »:.at<- beautiftil  than  uU  thonf  in   Spain;  for  it   is  well   fortified,  and 

hri.'it  on  level  ground.     I  can  assure  your  highness,  that  from  the  top  of  a 

■  (temple)  I  reckoned  more  than  four  hundred  towers,  all  of  mosques. 

imber  of  inhabitants  is  so  great  that  there  is  not  an    inch  of  ground 

uncultivated."      Wlien  tlie   Spaniards   reached  Tezcuco,  they  found   it  a« 

lirge  again  as  Seville.     It  rivalled  in  grandeur  and   extent  Mexico   itself, 

•nd  was  of  a   much  more  ancient  date  than  that  cajiital.     Herrora  say^, 

the  streets  were  very  regular,  and  that yrrsh   ittilcr  iras  brought  in  vipes 

from  the  mountains  to  ftcri/  howie.     The   principal  front  of  the   buildings 

rxtcnded  on  the  borders  of  a  spacious  lake,  where  the  causeway  that  led 

I'l  Me'xico  began.     It  was  from   this  causeway,  which  was  built  of  stone 

ttid  lime,  that  tlie  Spani.'irds  first  beheld  the  distant  capital,  with  its  towers 

md  pinnacles  in  the  mid«t  of  the  lake;  and   on   the  Sth  November,  1519, 

■?■  :  bis  myrmidons  entered  that  ciiy,  which  then  contained  a  great- 

<ri  'U  than  New- York  does  at  present ;  for  it   had   between   three 

tod  I'lur  iiundred  thousand  inhabitants. 

When  the  Spaniards  entered  the  gates,  through  a  bulwark  of  stone 
supported  by  castles,  they  beheld  a  spacious  street  with  houses  uniformly 
built,  and  the  windows  and  battlements  filled  with  spectators.  They 
were  received  mto  one  of  Motezuma's  houses,  which  had  been  built  by 
his  ftolier.  This  building,  Solis  remarks,  vied  in  extent,  with  the  principal 
palaces  of  emperors  in  Europe  ;  and  had  the  appearance  of  a  fortress, 
with  thick  stono  walls  and  towers  upon  the  flanks.  The  streetsof  the  city 
were  straieht,  as  if  drawn  by  a  line  ;  and  the  public  buildings,  and  houses 
of  the  nobility,  which  mado  up  the  greatest  part  of  the  city,  were  of  stone 
and  well  built.  The  palace  of  Motezuma  was  so  large  a  pile  that  it 
opened  w'ilh  thirty  gate?  into  as  many  different  streets.  The  principal 
front  took  up  one  entire  side  of  a  spacious  parade,  and  was  of  black,  red 
and  white  jasper,  well  polished.  Over  the  gales  were  the  arms  or  sym- 
bulicul  figures  of  Motezuma  or  his  predecessors,  viz.  a  griffin,  being  half 
an  eagle  and  half  a  lion  ;  the  wings  extended  and  holding  a  tiger  in  its 
talon-i.  The  roofs  of  the  buildings  were  of  cyjiress,  cedar,  ami  other 
udoriferous  woods,  and  were  ornamented  with  carvings  of  "difl'erent 
foliage*  and  relievos.''  But  without  referring  to  tlio  splendor  of  this  uti- 
fbrtunalo  monarch's  court,  his  luxurious  mode  of  living,  his  treasures,  the 
diair  of  burnished  gold  in  whicli  he  was  carried  to  meet  Cortez,  the  jew- 
els of  gold,  pearls,  and  precious  stones,  that  adorned  his  person  and  those 
of  his  attendants,  and  the  "  shoes  of  hammered  gold,"  that  were  bound  to 
kistcet  an  J  legs  with  straps,  like  the  Roman  military  sandals  ;  it  will  be 
sufficient  to  notice  the  market  of  the  city  for  the  sale  of  merchandise,  in 
order  to  realize  a  tolerably  correct  idea  of  the  stale  of  the  arts  among  tlie 
Mexicans.  Nothing  excited  the  surprise  of  the  Spaniards  so  much  as 
Jiis  market — both  as  regarded  the  quantity,  variety,  and  quality  of  the 
l^uods  B  ('d,  and  the  order  which  prevailed. 
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Tbe  Mexican  works  of  gold  and  silver,  sent  by  Coriez  to  Chailes  V 
says  Clavigero,  "filled  the  goldsmiths  of  Europe  with  astcnishinenL," 
"Some  of  them  were  inimitable."  Among  others,  there  were_/StA«  having 
scales  aiternately  of  gold  and  silver — a  parrot  with  moieahle  head,  tongue, 
ami  irini^a — an  ape  with  moveable  head  and  feet,  and  having  •  spindle 
in. its  hand,  in  the  attitude  of  spinning.     Vol.  i,  413. 

Cortez,  in  a  letter  to  Charles  V.  dated  October  1520,  sayt,  "  the  market 
place  is  twice  as  large  as  that  of  Seville  and  surrounded  with  an  immense 
Dortico,  under  which  are  exposed  for  sale  all  sorts  of  merchandise,  cata- 
\>\es,  ornaments  made  of  gold,  silver,  fvad,  petrter,  precious  stones,  bones, 
(hells,  and  feathers  ;  delft  ware,  leather,  and  spun  cotton.  We  find  hewn 
atone,  tiles,  and  timber  fit  for  building.  There  aj-e  lanes  for  game,  othen 
for  roots  and  garden  fruits.  There  are  houses  where  barbers  shave  iLo 
head,  (with  razors  made  of  obsidian,)  and  there  are  houses  resembling  our 
apothecary  shof)S,  where  i>repnred  medicines,  unguents,  and  plasters  are 
sold.  The  market  abounds  \>.lh  sn  many  things,  that  1  am  unable  to  name 
them  all  to  your  highness.  To  avoid  confusion,  every  s|>ecies  of  mer- 
chandise is  sold  in  a  separate  lane.  Every  thing  is  sold  bv  the  yard,  (by 
measure)  but  nothing  has  hitherto  been  seen  to  be  weighed  in  the  murket 
In  the  midst  of  the  great  square,  is  a  house,  which  I  shall  call  Candcjicia 
in  which  ten  or  twelve  jiersons  sit  constantly  for  determining  any  disputes 
which  may  arise  respecting  the  sale  of  goods.  There  are  otiier  persons 
who  mix  continually  with  ihe  crowd,  to  see  that  a  just  price  is  asked 
We  have  seen  ihern  break  the  false  measures,  which  they  had  seized  froil 
the  merchants." 

Solis  has  recorded  some  facts,  which  are  too  interesting  to  mechanics  to 
be  omitted.  "  There  were  rows  of  silversmiths,  who  sold  jewels  and 
chains  of  extraordinary  fashion  ;'  several  figures  of  beasts  in  gold  and 
■ilver,  wrought  with  so  much  art,  as  raised  the  wonder  of  our  anificen; 
particularly  some  skillets  with  moving  handles,  that  were  so  cast ;  besidef 
other  works  of  the  same  kind,  with  mouldings  and  relievos,  without  any 
signs  of  a  hammer  or  graver."  Herrera,  speaking  of  these,  observes, 
"  some  thint;s  were  cast,  and  others  wrought  with  stones,  to  such  perfec- 
tion, that  iDiiny  of  them  have  surprised  the  ablest  goldsmiths  in  Spain,  for 
tliey  could  never  conceive  how  they  had  Keen  made  ;  there  being  no  sign 
of  a  hammer,  or  an  engraver,  or  any  other  instrument  used  by  them." 
They  liiought  to  the  fair,  (continues  tLolis)  all  the  different  sorts  of  cloth, 
made  thnmghout  this  vast  empire,  of  cotton  and  rabbits'  fur,  which  the 
women  of  this  country,  enemies  to  idleness,  spun  extremely  fine,  being  very 
dexterous  in  this  manufiirturc.  They  had  also  drinking  cups  exi|ui8itely 
made  of  the  finest  earth,  differenl  in  color,  and  even  in  smell ;  and  of  this 
kind,  they  had  all  sorts  of  vessels,  necessary  either  for  the  service  and  or- 
nament of  a  house. 


•Those,  whicli  wore  worn  round  the  netk,  "ere  Joiitillenj  »imiliir  lo  those  known  a» 
Pannmii  rhiiins;  wliirli  tcrlainly  arc  fxlraoriliinry  spci'iiuens  uf  workninnshiji.  Tlipy 
iiiay  siiini'tiiiu's  be  iiiel  with  ;a  our  jovi-lliTs,  who  hny  them  Tor  the  piirilv  of  ihi:  irohl. 
It  Id  sniti  iliiil  thi!  mniJe  ol"  makiiiB  ihpiii  has  iievpr  been  <li«covereJ,  and  tliul  the 
secret  i«  still  jire^'erved  lunonc  ilic  Imliaiis  of  riuiaiim.  Wehave  exainiiiiHJ  one  which 
came  rrniii  Cnrlliagemi,  the  length  ol'  wliich,  hail  it  tieeu  cut.  was  eight  feet  two  in'he* 
it»  fectioii,  whirh  wan  heiaffunal.  did  not  ixi.eed  nm-  twentieth  of  an  inch  in  dmiiieler 
It  was  r.>niie(l  of  one  or  more  line  wires,  w  hirh  M-eiiied  to  have  been  woven  or  interlnee  ' 
like  the  [dalliiif;  of  a  wlti|>  lianiile.  Wlieii  a  ainele  ttirend  was  examined  by  a  iiiiero 
scope,  it  wax  fiitind  lo  be  compoiitfd  of  »<everal  smaller  wires,  which  separate,  were  scarce- 
ly  perceptible  to  our  unahied  vinioii.  The  weight  of  the  chain  was  eleven  penny- 
weight«.  and  it  appeared  to  be  as  llexihle  na  a  piece  of  twine,  rertaiiilr  far  mere  «o 
than  any  chain  formed  of  ItiJu.  No  end  of  a  wire  could  be  delected,  and  nm  a  nuCteU 
of  (Older  was  used. 
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No  one   can  doubl,  tnat  a  people,  thus   far   advanced   in   c  vilization 
V\i  the  usefal   arts,  were  in   possession   of  machines  of  some    kind   ot 
otlicr  for  raising  w^ier.     Indeed   the   location  and   great  population  ol 
iwn»  of  their  cities  req'iir<»d   a  familiar  knowledge   of  hydraulic  opera- 
lions  to  supply  them  with  water ;  and  hence  it  would  seem  as  if  they  had 
rohirated  this  department  of  the   arts  equally  with  others,  for  some  of 
their  acjueducts  would  have  done  honor  to  Greece  and  Rome.     Nearly  all 
ihe  ancient  cities  of  Mexico  were  supplied   by  them.     We  have  already 
remarked  that  Tlascala  was  furnished  with  abundance  of  baths  and  foun- 
iJiins — that   every   house  id  Zempoala    had    water — that    Tez.cuco    had 
an  aqueduct,  fi^m  which  every  dwelling  was  supplied   hy  a  pijte,  as 
in  modern  cities;  and  we  may  add,  IztAclapa,  which  contained  about  ten 
thousand  houses,  had  its  aqueduct  that  conveyed  water  from  the  neighbor- 
ing mountains,  and  led  it  through  a  great  numlier  of  well  cultivated  gar- 
dens.   Id  the  city  of  Mexico,  there  were  several  aqueducts.     That  of  C'/ta- 
pulleptr.  was  the  work  of  Moteiuma,   and  also   the  vast  stone  reservoir 
conoccted  with  it.     When  the  Spaniards  besieged  the  city  they  destroyed 
this  aqueduct.     Cortez  in  his  first  letter  to  Charles  V.  mentions  the  spring 
of  Atnilc«5,  near  Churubusco,  of  which  the  waters  were  conveyed  to  the 
citv  •'  in  two  large  pipes,  well  moulded  and  Qs  hard  as   stone,  but  the  wa- 
ter never  ran  in  more  than  one  of  them  at  the  same  time."     We  still  per- 
ceive, says  Humboldt,  the  remains  of  this  great  aqueduct,  which  was  con- 
Btrucl^d  with  double  pipes,  one  of  which   received  the  water,  while   they 
wer*  employed  in  cleansing  the  other ;  but  this  aqueduct,  he  says,  was  in- 
ferior to   die  one   at  Tezcuco  :   of  it,  he  observes,   "  we  still   admire   the 
trac«s  of  a  great  mound,  which  was  constructed  to  heighu''n  the   level  of 
the  water."     The  gardens  of  Motczuma  were   also  adorned  and  nourish- 
ed with  streams  and /oi/«<«iBjr,  and  appear  to  have  rivalled  those  of  Asiatic 
monarchs  in  splendor.      And  among  the    hieroglyphical   ornaments  of  the 
pyramid  of  Xochicalco,  are  heads  of  crocodiles  spouting  water,  a  proof 
that   ancient  Americans  were  acquainted  with  that   property   of  liquid* 
by  which  they  find  their  level  ;   and   apjilicd  it  not  merely  to  fouiitains 
»x\Ajct»  d'eau,  but  to  convey  wafer  through  pipcf  to  their  dwellings. 

We  cannot  reflect  on  the  progress  which  the  ancient  inhabitants  of 
Mexico  had  made  in  the  arts,  and  tlie  magnitude  and  excellence  of  some 
their  hydraulic  works,  without  regretting  that  no  particular  accounts  of 
sir  devices  for  raitins;  water  have  been  preserveil.  Of  one  thing  how. 
ever,  we  may  be  sure,  that  no  people  ever  constructed  such  works  as  they 
did.  for  the  irrigation  of  land,  and  the  supply  of  cities,  who  had  not  pre 
viously  experienced  the  inefficiency  of  machines  for  those  purposes  ;  noi 
could  their  agriculture  have  been  carried  to  the  extent  it  was,  without  thf 
eid  of  them  in  time?  of  drought. 

•  Tlie  machines  called  norian  (says  Humboldt)  are  essential  to  Mexicai 
asr'icuhnre.'*  IVies  it  not  follow  then  that  these,  or  others  for  the  same 
purpose,  were  equally  essential,  before  the  conquest,  when  the  populatioR 
of  the  country  was  so  much  greater,  and  agriculture  more  extensively 
sctised  1  There  is  no  doubt,  he  observes,  that  all  the  country  from  tlio 
Iver  Papaloapan  "  was  better  inhabited  and  better  cultivated  than  it  now 
The  swape  (guimbelette)  is  quite  common  in  Mexico.  Tt  is  there 
used  as  in  this  country  for  raising  water  from  wells  of  moderate  depth.  A 
friend  just  returned  from  a  tour  in  Texas,  informs  us,  that  among  the 
Cooshattie  tribe  of  Indians  on  the  Trinity  river,  and  in  all  the  ^tel dements, 
M^bether  Indian,  Creole,  or  modem   Mexican  ;  in  populous  villages  or  at 


*  New  Spain.  tnn!>liiled  by  Black,  Vol.  ii.  458. 
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solitary  wigwams,  the  '  well  pole'  or  swnpe  is  Almost  always  to  be  seett 
In  wells  ol'  considerable  deplh,  the  pulley  and  double  chain  with  two 
buckets  are  adopted  ;  and  the  chain  of  j)ots  and  noria  are  extensively  used 
in  raising  water  tor  irrigation,  being  moved,  as  in  Spain,  by  oxen  or  mules. 
As  these  are  the  only  devices  for  raising  water  that  are  now  in  use,  ex- 
cept tlie  common  pump  to  a  very  limited  extent,  and  the  ordinary  mode 
of  drawing  it  from  mines,  by  buckets  worked  by  animals,  theijue^lion  oc- 
curs, were  they  or  any  of  them  in  use  previous  to  the  concjuest  ]  The 
pump  excepted,  we  should  suppose  they  were  ;  but  as  before  remarked, 
we  have  no  direct  evidence  to  establish  the  fact-  As  the  .Mexicans  were 
collected  in  villages  and  accustomed  to  cultivate  the  soil,  at  least  400  year* 
before  the  conquest,  and  subsequent  to  that  event,  the  great  mass  of  the 
farmers  have  been  and  are  Indians,  who  adhere  with  "  extraordinary  ob- 
stinacy" to  the  customs  of  their  anceitu  s,  it  seems  natural  to  suppose  that 
ihejr  (like  the  agricultural  classes  of  ali  o  her  countries)  would  retain  some 
of  the  old  modes  of  raising  water;  but  as  those  above  named  are  said  to  Ije 
the  onh/  ones  practised,  it  is  probable  that  some  of  them  at  least  were 
known  to  the  inhabitants  of  old. 

I'alenque  is  about  ihirly  miles  from  Tobasco.  It  is  surrounded  by 
dense  forests,  and  overgrown  with  the  vegetation  of  past  ages.  Of  its 
founders  and  inhabitants  nothing  is  known,  nor  yet  of  the  period  wlitui 
they  flourished.  The  remains  of  this  city  have  been  traced  over  on  ex- 
tent of  twenty-four  mUr»,  and  consist  of  massive  edifices,  of  a  novel  au.l 
very  chaste  style  of  architecture.  These  are  accurately  laid  out  lo  thi' 
four  cardinal  points  of  the  compass,  and  are  built  of  hewn  stone.  Thi-nj 
arc  temples,  ])alacos,  and  tombs  ornamented  with  iho  richest  sculpture* 
and  bas  reliefs,  extensive  excavations,  subterranean  passages,  bridges, 
dikes,  AUUEDUCTs,  &c.  all  indicative  of  a  powerful  and  highly  civilized 
peo])le.  Dupaix  and  his  companions,  who  were  sent  out  in  IS05  by 
Charles  IV.  of  ."Spain,  to  examine  and  report  on  these  buildings,  after 
three  weeks  intense  labor  in  cutting  down  trees  which  grew  over  thera, 
were  enabled  to  examine  fifteen  edifices,  which  elicited  tlieir  wonder  and 
admiration.  Mr.  Wnldcck,  a  late  traveler,  who  has  spent  several  years 
in  examining  and  collecting  evidences  of  early  .\merican  civilization,  cut 
down  a  tree,  (that  was  growing  over  an  ancient  building  at  Palcnque)  the 
concentric  circles  in  a  section  of  which,  indicated  a  growth  of  973  years  ' 
But  how  many  centuries  had  elapsed  from  the  niin  and  desertion  of  llie 
city,  and  for  the  accumtilntion  of  soil  over  it,  ere  this  tree  took  root,  can 
only  lie  conjectured.  The  sculptures  on  the  walls  are  surprisingly  per- 
fect, and  among  them  are  hieroglyphics  which  are  supposed  to  have  pho- 
netic power.  Men  and  women  are  represented  clothed  in  figured  gar- 
ments, indicating  the  manufacture  of  flowered  stuff's  ;  and  various  relics 
which  have  been  disinterred,  as  toys,  vessels,  ornaments  of  dress,  &c. 
prove  considerable  progress  in  other  branches  of  the  usel'ul  arts.  But  ex- 
tensive as  these  ruins  are,  and  pregnant  with  information  of  thrilling  in- 
terest, Palen<)Ub  is  like  Mifht,  the  partner  of  its  glory  and  of  its  degnula- 
tion,  a  '  city  of  the  dead.'  Not  a  voice  is  heard  in  it,  or  around  it,  but  the 
hissing  of  serjieiits,  the  buzzing  of  insects,  the  gibbering  of  motikeys,  and 
the  screeching  uf  wild  birds. 

There  is  one  circumstance  respecting  the  ancient  cities  and  people  of 
Yucatan  which  relates  to  our  subject,  that  is  deserving  of  attention.  It  is 
this — from  the  geographical  position  and  physical  features  of  the  country 
WF.i.i.s  have  abrays  been  of  primary  importance.  During  the  greater 
part  of  the  year  the  inhabitants  have  no  other  resource  for  fresh  water* 
and  this  must  necessarily  have  been  the   case,  ever  since   the  present  or 
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mtzation  of  these   continents  took   place.     In  those   remote   ages,  then, 

aring  which  the  country  was  occupied  hy  a  numerous  and  civilized  peo- 

wells  must  have  been  very  comnion  ;   and  ns  tlicv  are  not,  like   slruc- 

arcs  erected  on  the  surface,  suliject  to  decay,  or  obnoxious  to  destruction, 

'  discovery  and  examination   of  some  of  them   is  greatly  to   be    desired 

who  can  tell  what  stores  of  tix'nsure  are  buried  in  them  ;  what  specimens  ol 

I;   what  means  for  tracing  the  history,  and  also  the    revolutions,  through 

Ithith  the  ancient  people  of  America  have  [lassed  ;   their  origin,  jiroirress. 

nd  di;appcarance  ?      If  Palenquc  and  its  sister  cities   were   destroyed    by 

^ar,  then  it  is  almost  certain  that  the  inhabitants   would    have  recourse  to 

JTeils  for  the  secretion  of  their  treasures,  both  public  and  private ;  a  pruc- 

cc  that  has  lx!en  followed  in  all  ages  and  by  all  people. 

Relics  of  former  ages,  which  have  been  found  (more  or  less  numerous) 

^er  both  continents,  incontrstibly  prove  that   civilized   people    flourished 

ere  in  former  acres;   and  that  they  and   their  progeny  have   disappeared, 

if  by  some  general  and  sudden    calamity  they  had  been    swept   ofl'  the 

ige  of  life,  to  a  man.      It  would  seem  loo,  as  ii  a  long  period  of  deathlike 

liliness  had  succeeded,  (like  that  after  the  deluge)  so  that  all    knowledge 

"  them  had  perished,  when   another  race  appeared  and   took    possession 

llie  soil.      These   were   the   ancestors    of  the   present    Indians,  who,  in 

rir  tuni  are  rapidly  becoming  extinct,  without  our  being  able  to  tJ'll  who 

(ley  were,  whence  they  came,  or  when  they  first   made   their  ap[>earance. 

r"e  see  no  reason  to  doubt  their  tradition  respecting  the  great  Nlcgnlimyx 

nd  Mastodon  of  the  western  prairies,  having  been  contemporary  with  llteir 

^re.'athers,  since  Uie  discovery  of  the  bones  of  these  animals  corrobornle  in 

l»me  degree  the  truth  of  it.     Nor  is  it  at  all  improbable   that   their  ac- 

punts  of  the  voracious  and  enormous  Piasd,  '  the  bird  that  devours  men,' 

1  (nbulous ;  a  figure  of  which  is  cut  on  the  face  of  a  smooth  and   perpen- 

Scular  rock,  at  an  elevation  which  no  human  art  can  now  reach  ;   near  the 

juth  of  a  small  stream,  named  the  Piasil,  which    enters    the    Mississippi 

etwecn   Alton  and  the   mouth   of  the  Illinois.     Sec  Family  Mag.  1837, 

roi.  iv,  ic: 


O.V  THE  UVURAULIC  AND  OTHER  WORKS  OF  TUB  ANCIENT  PEIltjriAIVS. 

Molina,  in  his  '  Natural  and  civil  History  of  Chili'  observes  that  previous 
the  invasion  of  the  Spaniards,  the  natives  practised  artificial  irrigation,  by 
>nveying  water  from  the  higher  grounds  in  canals  to  their  fields.  Herrera 
»y»,  many  of  the  vales  were  exceedingly  jiopulous  and  well  cultivated, 
saving  trenches  of  water.'  The  Peruvians  carried  the  system  to  a  great 
IctenL  "  How  roust  we  admire  (says  Humboldt)  the  industry  and  activity 
jisplayed  by  the  ancient  Mexicans  and  Peruvians  in  the  irrigation  of  arid 
fcnds  !  In  the  maritime  parts  of  Peru,  I  have  seen  the  remains  of  walls, 
nng  which  water  was  conducted  for  a  space  of  from  5  to  0000  metre*, 
om  the  foot  of  the  Codilleras  to  the  coast.  The  conijuerors  of  the  16th 
lintury  destroyed  these  aqueducts,  and  that  part  of  Peru  has  become 
ko  Persia,  a  desart,  destitute  of  vegetation.  Such  is  the  civilization  cnr- 
'  by  the  Europeans  among  a  people,  whom  they  are  pleased  to  call 
irbarous."*  These  people  had  laws  for  the  protection  of  water,  very 
niiinr  to  those  of  Greece,  Home,  Eeypt,  and  all  the  older  nations  ;  for 
pose  who  conveyed  water  from  the  canals  to  their  own  land  .before  their 
_»rn,  we-c  liable  to  arbitrary  punishment.  Several  of  the  ancient  Amer 
teat)  customs   respecting   water,  were  identical  with  those   of  the  oldest 


(66 


Agricidlure  and  Irrigation 


nations.     Tliey  buried  vessels  of  water  with   the  dead."     The  Mexici 
worshipped  it."     The  Peruvians  sacrificed  to  rivers  and  fountains.*     TV» 
Mexicans  had  Tlaloc  their  god  of  water.''     Holv  water  was  kept  in  thei 
temples.*     They  practised  divination  by  water.'     The   Peruvians  drevv 
their  drinking  water  from  deep  wells,*  and   for  irrigation  in  times  of' 
drought,  tJiey  drew  it  from  pools,  and  lakes,  and  rivers. 

The  annals  of  the  world  do  not  furnish  brighter  examples  of  natinnai 
benevolence,  than  the  early  history  of  Peru.  The  wars  of  the  mcai 
were  neither  designed  nor  carried  on,  to  gratify  ambition  or  the  lust  of  con- 
quest, but  to  extend  to  the  brutalized  jjoopie  by  whom  they  were  sur 
rounded,  the  advantages  of  civilized  life;  to  introduce  agriculture  and  all 
its  attending  blessings,  among  hordes  of  savages,  that  were  sunk  in  the 
lowest  depths  of  bestiality.  £ul  that  which  sheds  a  peculiar  glory  over 
the  ancient  Peruvians,  was  their  systematic  and  persevering  efforts  to 
achieve  their  coni]uests  without  the  effusion  of  blood.  In  reading  their 
history,  tlie  mind  is  not  only  relieved  from  those  horrible  details  of  car- 
nage that  constitutes  so  prominent  a  part  in  the  historic  pages  of  other  na- 
tions, but  the  most  agreeable  emotions  are  excited  by  the  benevolent  and 
generally  successful  endeavors  of  this  people,  to  overcome  their  foes  by 
reason — by  exhibiting  to  them  the  advantages  of  regulated  society,  and  by 
invitations  to  embrace  ihem.  This  policy  was  in  accordance  witli  the  in- 
junctions of  their  first  king,  whose  precepts  they  greatly  reverenced.  He 
taught  them  to  overcome  their  enemies  "  by  love — by  ihe  force  of  bene- 
Jitt"  and  hence  we  find  that  when  they  were  successful,  they  neither 
robbed  the  inhabitants  of  their  Innd,  their  liberty,  nor  their  lives  but  used 
their  influence  arnl  superior  knowledge  to  ameliorate  their  condition.  And 
when  these  eft'orts  failed,  and  active  warfare  was  the  only  resource,  tliey, 
conscious  of  the  wickedness  of  conquering  men  by  their  destruction, 
and  that  those  could  never  be  good  subjects  who  '  obeyed  from  fear,' 
uniformly  besieged  them,  till  the  latter  became  convinced  of  their  own  ina- 
bility to  resist,  and  of  die  policy  of  acceding  to  the  terms  of  their  pow- 
erful invaders. 

In  this  manner  the  '  children  of  the  sun'  extended  their  conquests  over 
a  targe  part  of  the  southern  continent ;  and  in  no  |iart  of  the  world  were 
provinces  more  loyal,  or  a  people  more  attached  to  their  institutions  and 
to  their  princes  ;  nor  was  there  ever  a  people  more  humane.  The  con- 
duct of  some  of  the  incas,  when  at  the  head  of  their  armies,  in  endur- 
ing the  taunts  and  scofis  of  their  ignorant  and  imbecile  foes  with  philo- 
sophic forbearance,  is  truly  admirable,  and  might  be  contrasted  with  tliat  of 
cJiriHian  warriors  ;  but  then  their  object  was  not  to  acquire  fame  by  the 
destruction  of  their  species,  but  to  benefit  them,  even  at  the  risk  of  their 
reputation.  If  ever  offensive  wars  were  justifiable,  those  of  the  early 
incas  certainly  were,  since  their  object  was   the  extension  of  human  hap- 

iiiness,  and  which  they  carried  on  in  a  corresponding  spirit  of  humanity, 
n  neither  sacred  nor  profane  history  can  such  examples  be  found. 
Agriculture  was  the  first  object  to  which  their  attention  was  directed  ; 
hence  we  find  engineers  and  other  artists  immediately  sent  into  the  subdued 
countries,  or  rather,  amonj;  their  new  friends,  to  introduce  the  arts  of 
ploughing  and  cultivatin!^  the  soil,  Sic.  And  as  large  tracts  of  land  were 
destitute  of  vegetation  for  u-anl  of  tcater,  mention  is  constantly  made  of 
A<ir;EDi3CTS  and  reservoirs  among  the  earliest  of  works  undertaken.  In 
some  districts,  rain  was,  and  still  is,  unknown.     "  For  the  space  of  sovea 
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liiidiTj  leagues  along  the  coast  (says  Garcilasso)  it  did  never  raiii." 
Contrivancea  to  obtnin  and  dislrihutu  water,  were  therefore,  with  the  in- 
Can  as  with  the  early  kings  of  E^ypt,  the  most  important  and  constant  oh- 
;t'«5  of  their  care.  Nor  does  it  appear  that  the  Egyptians  were  more 
awiiiucius  in  this  kind  of  labor  than  tlie  people  of  I'eru.  Examples  are 
mrnliooed  of  the  latter  having  cotiveycd  small  streams  through  a  space 
I  of  sixty  milps,  to  irrigate  a  few  acres  of  land. 

There  are  several  points  of  resemblance  between  these  two  people; 
'mtne  of  which  are  to  be  attributed  to  both  countries  being,  in  a  great 
measure,  destitute  of  rain.  The  first  inca,  like  Osiris,  taught  the  inhabi- 
Huts  to  cultivate  tlic  land  ;  to  construct  reservoirs  and  aqueducts;  to  make 
ploughs,  harrmvs,  and  shoes  for  their  own  feel — such  shoes,  says  Garci- 
lasso, •  as  they  now  wear.'  The  wife  of  Manco  Capac,  like  Isis,  taught 
the  women  to  spin,  to  weave,  and  to  make  their  own  garments.  Some 
'their  fables,  too,  resemble  those  of  the  Egyptians  resjiecting  Isis.  Ac- 
ling  to  one,  "  the  makj.T  of  all  things  placed  in  heaven  a  virgin,  the 
liter  of  a  king,  kidding  a  bucket  tif  water  in  her  hand,  for  the  refresh- 
lof  the  earth."  Both  people  erected  stupendous  structures  and  sla- 
•■  of  cut  and  polished  stone,  which  they  wrought  without  iron  ;  both 
kavcd  tlic  head,  and  both  embalmed  the  dead. 

As  we  have  no  where  met  with  any  distinct  notice  of,   nr  even  allusion 

b,  any  Peruvian  machine  {or  raiiiiig  water,  we  insert  some  notices  of  their 

ills   and   acjueducts,  &c.  from   Garcilasso's   "  Roynl   Commentaries  of 

eru."      The  reader  can  then  judge,  whether  a  people   who  devised  and 

instructed   hydraulic  works  of  immense  magnitude   for  the  distribution 

water,   were   without  some   machines   for  raiting  it ;  and  esfiecially, 

hen,   at   certain   seasons,  they  obtained   it   from  deep  wells.     The  inca 

treUatto  de  la  yigo,  was  a  native  of  Cusco.     His  mother  was  a  Poru- 

an  princess ;  but  his  father,  whose  name  he  bfire,  was  one  of  the  Spanish 

»n<juerors.     He  was  born  (he  informs  us)  eiglit  years  after  the  Spaniards 

ime  masters  of  the  country,  i.  c.  in  the   year  1.539,  and    wa^  e<liicated 

his  mother  and  her  relatives,  in  the    Indian  manner,  till  he  was  twenty 

Ears  old.      In  lotJO  he  was  sent  to  Spain,  where   he  wrote   his  f'ornmen- 

ries.     These  were  translated  irito  English  by  Sir  Paul  Kicaut,  and  pub- 

•hed  in  one  volume,  folio,  London,  IGSS. 

Tliere  is  reason   to  believe   that   Peru,  Chili,   and   other  parts  nf  the 

•mithcrn  continent,  were  inhabited    by  a  refined,  or  partially  refined    peo- 

|e,  centuries   before  tlie  time  of  Manco  Capac,  tlie  first  inca;   and   that  a 

ig  period  of  barbarism  had  intervened,  induced,  perhaps,  by  revolutions 

ajlar  to   tliose  which,  in   the  old    world,  swept  all   the   once   celebrated 

xions  of  antiquity  into  oblivion.     The  ancient  Peruvians  had  a  tradition 

specting  the  arrival  of  giants,  who  located  themselves  on  die  coast,  and 

bo  dug  WELi-s  of  immense  depth   through  the  solid  ruck  ;  which  wells, 

well  as  CISTERNS,  still  remain.     When    Mayta  Capac,  the   fourth   inca, 

xiuced  the  province  of  Tialiuanacu,  he  found  colossal  pyramids  and  other 

ruciures,  with  gigantic  statues,  of  whose  authors  or  uses,  says  Garcilasso, 

ftio  man  can  conjecture."     The  ruins  of  these  are  still   extant,  in  one  of 

|e  districts   of  l^uenos  Ayres.     In  the  same   province,  the   writer  just 

tied  mentions  a  monolithic  tcmjile,  which,  from  the  description,  etpials 

nv  of  those  of  Eirypt.      These  ancient  buildings  were  sujipnsed   by   the 

Peruvians  to  have  furnished  models  for  the  Temple,  Palace,  and  Fortress 

;  Cusco,  which   die  first  incas  erected.     Acoifa,  in  examining   some  of 

lese  buildings   in  Tiahuanaeu,  was  at  a  loss  to  comprehend   how  they 

juld  have  been  erected;   so  large,  well  cut,  and  closely  jointed  were  the 

DOCS.     "  I  measured  one  myself,  (he  observes)  wnich  was  diirty  feet  in 
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lergth,  pighteen  in  breadth,  aiiJ   six  fcul  in  ihickn^ss  ;"  hiu    in  die   For 
IreiM  of  Cuitcn  were  sloiii's,  he  snysi  »iyr/i  larger.     Hut  wlml  adds  lo  out 
•urjirise,  many  of  these  sloiies  \wni  liikcn   from  quarries  at  from  five  tc 
Bftueii  leagues  distance  from  tlic  Ijuildiiiijs. 

Tliere  is  much  uiicer.ainiy  rcpectiiig  Manco  Capac.  Who  he  was, 
and  from  what  country  lie  came,  are  equally  unknown.  According  ro 
tlieir  Qui/i/nis  or  historical  cords,  and  llie  opinion  of  the  inca  who  was  uncli> 
li)  (iiircilasso,  and  who  communicated  to  the  latter  all  the  knowledge  of 
their  anci^slors  iJiun  extant,  he  made  his  appearance  in  Peru  about  400 
years  befijre  the  uivasion  of  the  Spaniards.  It  is  said  he  was  wliitcr  than 
the  natives,  and  was  clothed  in  flowing  garments.  Awed  by  his  presence, 
they  received  liiin  as  a  divinity,  became  subject  to  his  laws,  and  practised 
the  arts  he  inlrnduced.  He  fiiunded  Cusco,  and  extended  his  intluence 
to  all  the  nations  around.  He  taught  them  agriculture  and  many  useful 
arts,  especiidiy  that  of  irrigating  land.  His  son  succeeded  him,  and  with- 
out violence  gix-atly  exleinli'd  tlie  limits  of  the  kingdom  ;  prevailing  with 
the  natives,  it  is  said,  by  a  peaceable  and  gentle  manne -,  "  to  plough,  and 
manure,  and  cultivate  the  soil."  His  successors  pursued  the  same  mode, 
and  with  the  same  success.  The  fifth  inca,  we  are  informed,  constructed 
aiiueducts,  bridges  and  roads  in  all  the  countries  he  subdued.  When  the 
sixth  inca  acc|uired  a  new  province,  he  ordered  the  lands  to  be  "  dre.-ued 
and  manured  ;"  the  fens  to  be  drained,  "  for  in  that  art  [draining]  they 
were  excellent,  as  is  a|)|>arent  Ijy  their  works,  which  remain  to  lliis  d.ny : 
and  also  they  were  [then]  very  ingenious  in  making  cJji/iv/ucAt  for  carrying 
water  into  dry  and  scorched  lands,  such  as  the  greatest  part  of  that  coun- 
try is  :  they  always  made  contrivances  and  iHVcntio/m  to  bring  their  water. 
These  aqueducts,  though  they  were  ruined  after  the  Spaniards  came  in, 
yet  several  reliques  ami  monuments  of  them  remain  unto  this  day." 

The  seventh  inca,  I'irucoc/iu,  constructed  some  water  works,  which,  in 
iheir  beneficial  efl'ects,  perhatis  equalled  any  sitnilar  undertakings  in  any 
other  part  of  the  world.  "  lie  made  an  aqueduct  12  feet  in  depth,  and 
120  leagues  in  length  :  the  source  or  hi-ad  of  it  arose  from  certain  springs 
on  the  Io[)  of  a  higli  mountain  between  I'arcu  and  Picuy,  which  was  so 
plentiful  that  at  the  very  head  of  the  fountains  they  seemed  to  be  rivers 
This  current  of  water  had  its  course  through  ail  the  ciumtrv  "f  the  Ru 
canas,  and  served  lo  water  the  pasturage  of  those  uninh.ibited  lands,  wliicti 
are  about  IS  leagues  in  breadili,  watering  almoH  Uic  w/iule  counlry  ,tf 
Peru." 

"  There  is  another  \<t.vt.DVCt  much  like  tliis,  which  traverses  the  whole 
p^l^^nce  of  Ct/ntijiut/u,  running  above  150  leagues  from  south  to  north. 
Its  head  or  original  is  from  the  top  of  high  mountains,  the  which  waters 
falling  into  the  jilains  of  the  QucrJiiiAf,  greatly  refresh  their  jiasturasv 
when  the  heats  oi' the  summer  and  autimin  have  dried  up  the  moislure  <>( 
the  earth.  There  are  many  streams  of  like  nature,  which  run  through 
divers  parts  of  the  emjiire,  which  being  conveyed  by  aqueducts,  at  the 
charge  and  expense  of  the  incas,  are  works  of  grandeur  and  ostentation, 
and  which  recommend  the  magniticenco  of  the  incas  to  all  jjosterily  ;  for 
these  aqueducts  may  wi-ll  be  compared  to  the  miraculous  fabricks  which 
have  been  the  works  of  mighty  jirinces,  who  have  left  their  prodi^ous 
monuments  ol'  ostentation  to  be  admired  by  futui-c  ages;  for,  indeed,  we 
ought  to  consider  that  these  waters  had  their  source  and  beginning  from 
vast,  high  m.ountaiii*,  and  were  carried  over  craggy  rocks  and  inaccessible 
passages  ;  and  to  make  these  ways  jilain,  they  had  no  help  of  instrurnenta 
forged  of  steel  or  iron,  such  as  pickaxes  or  sledges,  but  s'^rved  themselves 
only  \\  ith  on;"  stone  to   break  another.     Nor  were  they  acquainted   w-lt 
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i!»  "incnti jn  of  arches,  to  convey  llie  water  on  the  level  from  one  preci 
nicr  lo  the  ulticr,  but  truced  ruund  tliL<  niniinluin  until  llx'v  found  wuya 
•nd  inssages  ill  the  samt.*  height  and  level  witli  the  licad  of  ihf  springs. 

"Tlic  cisterns  or  conservatories  which  they  tnude  for  th<!se  wateis,  at 
tkc  top  of  the  mountain,  were  about  twelve  feet  deep;  tiie  passage  was 
liR/ken  througli  the  rocks,  and  channels  niude  of  hewn  stone,  of  ahoiit  two 
Jlfils  long  .niid  about  a  yard  high  ;  wiiich  were  ceiiieuted  togetlier,  and 
ttmiiied  in  with  earth  so  hard,  that  no  water  would  pass  between,  to 
B-eaken  or  vent  itself  by  the  holes  of  the  clmnncl. 

"  The  current  of  water  which  passi-s  through  all  the  division  of  Cunfi- 
nim  I  h.ivc  seen  in  ihe  province  of  QunAint.  which  is  part  of  timt  divii- 
:oii,  and  considered  it  an  extraordinary  work,  and  indeed  surpassing  the 
liescription  and  report  which  hath  been  made  of  it.  liut  the  Spaniards 
vrho  were  aliens  and  etruiigcrs,  little  regarded  the  convenience  of  these 
rurks,  cither  to  serve  themselves  in  the  use  of  them,  or  keep  them  in  re- 
»ir.  nor  yet  to  take  so  much  notice  of  them,  as  to  mention  lliem  in  their 
storie*.  but  rather  out  of  a  scornful  and  dijdaiiiin<;  humor,  luivc  suHiTed 
cm  to  run  into  rulne,  beyond  all  recovery.  Tlit  same  fale  hath  befallen 
be  A<il'E»rcTS  wliltli  the  Indians  made  for  watering  their  corn  lands,  of 
hich  two  tliirds  at  least  are  wholly  destroyed,  and  none  kept  in  n-pair, 
unless  some  few  which  arc  so  useful  that  without  iheni  they  cannot  sus- 
tain tliemselves  with  bread,  nor  with  the  necessary  provisions  of  life. 
All  which  works  are  not  so  totidly  destroyed,  but  tliat  there  still  remain* 
kurm>  ruini*s  and  appearances  of  them." 

The  lu-il  who  was  indejirndent.  and  by  far  the  worst  of  the  incas,  was 
ItohiMlpa  or  Ataimlipa,  the  13lh  from  Manco  Ca[>ac.  He  ireiiclieroiisly 
«1ew  his  iirother  and  murdered  nearly  all  his  relations.  (Jarciliissu's 
motlier  and  a  few  others  escaped.  Hi;  was  strangled  by  Pizarro  in  May 
1533.  afier  having  purchased  his  life  of  that  monster,  by  tilling  the  room  oi 
iiis  [inson  with  g<ild  and  silver  vessels,  and  ingots,  to  a  line  chalkeil  round 
the  wall,  at  the  height  of  about  seven  feet  from  the  ground.  This  room 
w-as  tsvciiiy-tive  iei-t  by  sixteen. 

That  tin-  Peruvians  had  wells  in  the  remotest  times  has  already  l>erMi  no- 
ticed ;  am)  ivJicn  the  Spaniards  invaded  their  country,  great  ipmiitilieg 
'.f  trp»»itre8  were  thrown  into  them.  The  discovery  of  these  wells 
may  yet  bring  to  view  numerous  speciim-ns  of  their  works  in  the 
metals.  We  have  not  met  witli  any  intimation  of  tliiMr  manner  of  niiting 
water,  whether  by  a  simple  cord  and  vessel,  by  means  ol'  a  pulley,  or 
ti  windlass,  or  any  other  machine.  'Tis  true  that  liarcilasso,  when  desrril*- 
iiig  the  various  pendants  which  they  wore  in  their  cars,  rnciition>;  .-ints 
as  large  "  as  the  frame  of  a  pulley,  for  they  were  made  in  the  l,'-m  of 
those  with  which  fcedraw  uj>  jtitrhox  frnin  n  well,  and  of  that  compass,  that 
in  rate  it  were  beaten  straight,  it  would  be  a  quarter  of  a  yard  long  aud 
a  linger  in  thickness,"  but  in  this  passage  we  undi'r:<tand  him  to  refer  to 
the  Spmnish  method  of  drawing  water ;  and  this  is  probable,  for  in  anoth- 
er part  of  his  work,  when  speaking  of  the  large  stones  used  in  tJie  peblic 
nuildings  at  Cii«rn,  he  say*  the  workmen  had  neither  cranes  nor  }iiilUi;x, 
Still  It  is  possible  that  he  reltrrcd  to  the  mode  his  countrymen  employed, 

'I'herc  are  conclusive  proofs  however,  in  some  extracts  that  are  too  in- 
teresting to  be  omitted,  thai  the  ancient  Peruvians  were  well  aciiiiainled 
with  the  management  and  distribution  of  water  through  j/ij/cn  ;  and  of 
rittkitig  and  laying  the  latter;  and  what  is  singular,  both  the  sources  of 
'he  water  and  the  direction  of  the  tubes  under  ground  were  kept  secret. 
U  was  the  custom  with  some  people  of  Asia.  "  In  many  of  the  housci 
(of  the  iocas)  were  great  cisterns  of  gold,  in  which  they  bathed  themselves 
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with  COCKS  and pljKi  nf  the  same  meUil,  for  conveyance  of  the  waXfr'* 
Some  interosring  particulars  are  also  given  by  Garcilasso  respecting  tlia 
8up[)iy  nf  Cusco  with  water.  Speaking  of  a  certain  street,  he  says,  "  near 
Iticreunto  are  two  pipes  of  excellent  water,  which  pass  under  ground,  but 
by  whom  they  were  laid  and  brought  thither,  is  unknown,  (or  want  uf 
writings  or  records  to  transmit  the  memory  of  tliem  to  posterity.  Those 
pipes  of  water  are  caileil  tUeei-  snakes,  because  the  whiteness  of  the  wa- 
ter resembled  silver;  and  the  windings  or  the  meanders  of  the  pipes  were 
like  llie  coils  and  turnings  of  serpents,"  In  the  fortress  of  Cusco  was  "a 
fountain  of  excellent  water,  which  was  brought  at  a  far  distance  under 
ground,  but  whcr«  and  from  whence  the  Indians  do  not  know  ;  for  such 
•ecrets  as  these  were  always  reserved  from  common  knowledge  in  the 
breasts  of  the  inca  and  of  his  counsel."  The  ;ake  Chinchiru  tiear  Cusco, 
contained  good  water,  and  "by  the  muniticence  of  the  inca  was  fur- 
nished with  several  pipes  and  aqueducts,"  to  convty  water  into  lower 
grounds,  which  were  used  till  rendered  useless  by  neglect  of  the  Span- 
iards. "  Afterwards,  in  the  year  1555  and  56,  they  were  repaired  by  my 
lord  and  father  Garcilasso  dc  la  Vega,  he  being  the  mayor  of  ihatcitv,  aud 
in  that  condition  I  left  lliem." 

In  describing  the  tcmole  and  gardens  at  Cusco,  ho  observes,  "  there 
were  five  founiains  of  water,  which  ran  from  divers  places  through  pipes 
of  gold.  The  c'ulcnu  were  some  of  stone,  and  others  of  gold  and  silver, 
in  which  they  washed  their  sacrifices,  as  the  solemnity  of  the  festival  ap- 
pointed. In  my  time  there  was  but  one  of  these  fountains  remaining, 
which  served  the  garden  of  a  convent  with  water  ;  the  others  were  lost, 
either  for  want  of  drawing  or  cleansing,  and  tliis  is  very  probable,  be- 
cause, to  my  knowledge,  that  which  belonged  to  the  convent  was  lo^t  for 
iix  or  seven  montJis,  lor  want  of  which  water  the  whole  garden  waa  dried 
up  and  withered,  to  the  great  lamentation  of  the  convent  and  the  whole 
city  ;  nor  could  any  Indian  understand  how  that  water  came  to  fail,  or  to 
what  place  it  took  its  course.  At  length  they  came  to  find  that  on  the 
west  tilde  of  the  convent  the  water  look  its  course  under  ground,  and 
iell  into  the  brook  which  passes  through  the  city;  which  in  the  times  uf 
the  incas  had  its  bniik.H  ki'pt  up  with  stones,  and  the  bottom  well  paved, 
that  the  earth  might  not  fall  in  ;  the  which  work  was  continued  through 
the  whole  city,  and  for  a  quarter  of  a  league  without;  which  now  by  the 
careles-ini'ss  and  sloth  of  the  Spaniards  is  broken,  and  the  pavement  dis- 
placed ;  for  though  the  spring  commonly  yields  not  water  very  plentiful- 
ly, yet  sometimes  it  rises  on  a  sudden  and  makes  such  nn  incredible  inun- 
dation that  the  force  of  tlie  current  hath  disordered  the  channel  aud  the 
bottoms." 

"  In  (he  ypar  155S  there  happened  a  great  eruption  of  water  from  this 
fountain,  which  broke  the  main  pipe  and  the  channel,  .so  that  the  fury  of 
the  torrent  took  aniMlior  qourse  and  left  the  garden  dry;  and  now  by  tliat 
abundance  of  rubbish  and  sullage  which  comes  from  the  city,  the  channel 
is  filled  up,  and  not  so  much  as  any  mark  or  signal  thereof  remains.  The 
friars,  though  at  length  they  used  all  the  diligence  imaginahle,  yet  they 
could  not  find  the  ancient  channel,  and  to  trace  it  from  the  fountain  head 
by  way  of  the  pipes,  it  was  an  immense  work,  for  they  were  to  dig 
through  houses  and  deep  conveyances  under  ground,  to  come  at  it,  for  the 
head  of  the  spring  was  high.  Nor  could  any  Indian  be  found  that  could 
give  any  direction  herein,  which  discouraged  them  in  their  work,  and  ia 
the  recovery  of  the  others  which  anciently  belonged  to  the  temple 
Hence  we  may  observe  the  ignorance  and  iiiadvertisement  of  those  In- 
dians, Olid  how  little  the  benefit  of  tradition  availed  amongst  ihom;  f«ii 
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iJioagii  il  be  only  forty-two  years  at  this  day  linre  those  waters  forsook 

their  coarse  ;  yet  neitlier  the  Ioes  of  so   necessary   a  provision  as  water, 

vhich  was  the  refrashment  of  tiieir  livos,  nor  of  tliut  stream  which  sup 

jild  the  temple  of  the  sun,  tlieir  ^od,  could  by  nature   or   religion   con 

the  in  thirn  the  memory  of  so  remarkable  a   particular.     The   truth  is. 

Att  h  is  probaijle  that  the  undertakers  or  master-workmen  of  those  watet 

H'orks  did  communicate  or  make  known  to  the  priests  on/;/,  the  secret  con- 

Ifeyances  of  those    waters  ;  esteeming  every  tiling  which  belonged  to  the 

unor  and  service  of  the  temple  to  be  sacred,  that   it   was   not  to    Ije   re- 

leak'd  to  common  ears,  and  for  this  reason  perhnjis  the  knowledge  of  those 

waters  might  dve  and  end  with  the  order  of  priests  " 

"At  the  end  of  six  oi  seven  months  after  it  wuj  lost,  it  happened  that 
■unie  Indian  boys  playing  about  the  stream,  discovered  an  eruption  of  wa*' 
U?r  from  the  broken  pipe  ;  of  which  they  acquainting  one  the  other,  at 
lengtlt  It  came  to  the  knowledge  of  the  tSpaniurds,  who,  judging  it  to  )>« 
the  water  of  the  convent  tliat  had  been  lost  and  diverted  from  its  former 
iMJurse,  gave  information  thereof  unto  the  friars,  who  joyfully  received 
the  good  new9,  and  iinmediutely  tailored  to  bring  it  again  mto  direct 
conveyance,  and  conduct  il  to  their  garden.  The  truth  is,  the  pipes  lying 
tyry  f/«y  were  buried  with  earth,  bo  that  it  cost  much  labor  and  pains  to 
to  rrducc  it  to  its  riglit  channel ;  and  yet  they  were  not  so  curious  or  in- 
dustrious as  to  *.race  the  fountain  to  the  spring  head.  That  garden  wiiich 
now  suppfies  the  convent  with  herbs  and  plants,  was  the  garden  which  in 
the  times  of  the  incas  belonged  to  their  palace,  called  the  garden  «/'  gold 
amd  riiver  ;  because,  that  in  it  were  herbs  and  flowers  of  all  sorts,  lower 
pliuitsand  shrubs,  and  taller  trees,  made  alt  of  gold  and  tilver  ;  together 
ith  all  sorts  of  wild  beasts  and  tame,  which  were  accounted  rare  and 
nusual.  There  were  also  strange  insects,  and  creeping  things,  as  snakes, 
rrpents,  lizards,  camelions,  butterflies,  and  snails;  also  all  sorts  of  ^//-an^e 
rdt,  and  every  thing  disposed,  and  in  its  proper  place  with  great  care, 
nd  imitated  with  much  curiosity,  like  the  nature  and  original  of  that  it 
epreseoled.  There  was  also  a  mayzall,  which  bears  the  Indian  wheat  of 
extraordinary  bigness,  the  seed  whereof  they  call  quinia.  Likewise 
tn/f  which  produce  lesser  seeds,  and  trees  bearing  their  several  sorts  o( 
i\\.  all  maiU  i;f  gold  and  tilrer,  and  excellently  representing  them  in 
beir  natural  shapes.  In  the  ptilace  also,  they  had  heajis  or  piles  of  hilUU 
ndjaggots  made  of  gold  and  silver,  rarely  well  counterfeited.  And  fni 
greater  adornment  and  majesty  of  the  temple  o<*  their  end  the  sun, 
had  cast  vast  figures  in  the  forms  of  men  and  u-omm  and  children, 
lich  they  laid  up  in  magazines  or  large  chambers,  called  |>irra  ;  and 
rcry  year,  at  the  principal  feasts,  the  peoj)le  presented  great  quantities 
W  and  stiver,  which  were  all  employed  in  the  adornment  of  the  lem- 
Aiid  those  goldsmiths  whose  art  and  labor  was  dedicated  to  the  sun, 
Xendcvi  to  no  other  work,  than  daily  to  make  n«tc  inrrntions  of  rare  work- 
mship  out  of  those  metals.  In  short  thoy  made  all  sorts  of  vcusch  or 
eiuih  liclonsjing  to  the  temple,  of  gold  and  silver,  such  as  fmts,  and  pana, 
pailt,  and _/ire  thonli,  and  tongs,  and  crrri/  thing  else  of  use  and  ser- 
?,  even  their  very  sjxtde.i  and  rakes  of  the  garden  were  made  cf  the 
i.c  metal."" 

The   author  of   '  Italy,   with  sketches  of   Spain   and    Portugal,'    PliiL 
183J,  enumerating  some  of  the   curiosities  in  the   museum  of  Madrid,  re- 

•Tlio  niiwioii  of  .Mf«<ni.  Jatiies.  nowjicli  iind   llnl<'iiin»on.  icnt  by  tiio   Uritish  go 
irninent  to  .V<h;intet!,  fuiinij  the  kitiL'  anil  ull  \\\^  ntleudcinlit  lilijriilly  u|ipreH»e('  with  em 
lli>hiDcnl«  of  >uhd  eolil,  with  vvhi)  Il  ihmr  pt>r<oii9  werj  uuorly  cuvered.       Uvea  lh< 
atoH  cvmmtm  nbauUt  vs  ere  composed  of  thai  metal.' 


178 


Original  InhahilanU  of  Peru. 


fBookl 


marks :  "  wliut  pleased  me  most,  was  a  collection  of  Peruvian  vases  ;  & 
polished  stone  wliicli  served  tiie  incas  for  a  mirror;  and  a  linen  mantle, 
which  formerly  ndorned  their  copper  colored  shoulders,  as  finely  woven 
as  a  sliiiwl,  and  flowered  in  very  nearly  a  similar  manner;  the  colors  aa 
fresh  and  vivid  iis  if  new."     Vol.  ii,  211. 

It  is  difficult  lifter  perusing  the  history  of  this  interesting  people,  to  re- 
concile ihe  stiiti!  of  the  arts  among  them  at  the  Spanish  invasion,  witli  the 
opinion,  thiit  Mnnco  Capac  arrived  from  Asia  at  so  late  a  period  as  the 
12th  century.  If  he  was  tlje  enterprising  and  intelligent  man  that  he  it 
represiMiled  (o  have  been,  and  there  is  every  reason  to  lielieve  he  was,  it 
is  impossible  that  as  an  Axiatic,  lie  could  have  been  ignorant  of  the  saw, 
the  augx-r,  files,  of  fitting  wooden  handles  to  hammers,  of  nails,  scissors, 
the  crane,  windlass,  pulley,  the  arch,  iron,  Jtc  :  or  having  a  knowledge  of 
these  things,  that  he  should  not  have  introduced  them,  or  at  least  some  of 
thetn.  But  if  tlie  Peruvians  were  also  ignorant  of  the  swape,  noria 
or  chain  of  pots,  the  objections  to  such  an  opinion  are  greatly  strengthen- 
ed. From  what  part  of  the  enstein  world  could  such  a  raaii  have  come 
without  having  a  knowledge  of  these  machines,  and  yet  be  acipiainted,  a? 
he  was,  with  all  the  essential  features  of  oriental  agriculture  ]  Machines 
too,  of  the  utmost  importance  in  Peru,  where  ruin  was  generally  unknown, 
and  water  scarce  and  vuhiable  ns  in  Egypt  itself — and  machines  more 
necessary  than  any  other,  in  i'urtliering  the  objects  he  had  in  view 
While  a  doubt  remains  respecting  their  emjiloyment,  we  should  sup 
pose  thot  he  really  was,  as  surmised  by  Garcilasso,  a  native,  who  by 
the  superiority  of  his  understanding,  and  by  a  subtile  deportment  (the  more 
eflcctualiy  to  carry  out  his  measures)  persuaded  the  people  that  became 
from  the  sun.  Indeed,  the  state  of  the  useful  arts  generally  among  them 
in  the  15th  century,  implies  that  they  bad  not  had  any  permanent  connec- 
tion with  Asiatics  fur  many  oges  ;  but  that  they  were  gradually  recovering 
a  knowledge,  of  the  arts,  which  in  very  remote  times  had  been  practised 
by  nations  then  extinct;  and  hence  the  paucity  of  their  tools  and  llie 
pecuiiariti/  of  some  of  their  devices,  as  their  quipjms  or  historical  cords, 
their  modes  of  computation,  ice.  Moreover,  neither  the  Mexicans  nor 
Peruvians  had  D'lluifd  the  lower  animals  to  subjection,  at  any  rate  nut 
for  agricuhurnl  purposes  ;  and  tluuigh  they  had  neither  tlie  horse,  the  ass, 
nor  ox  ;  yet  the  lornier  had  the  buti'ulo,  an  animal  that  has  been  used 
from  the  remotest  ages  to  plough  the  soil.  This  circumstance  alone  is 
Bufticiciit  to  show  that  they  did  not  derive  their  knowledge  of  agriculture 
from  Asia,  within  the  time  generiilly  supposed,  if  at  all. 

Who  can  reflect  on  the  civilized  people,  that  in  remote  ages  inliabited 
these  continents,  without  mourning  over  their  extinction,  and  the  loss  of 
•very  record  respecting  liiem  1  A  [)eii|ile,  whose  very  existence  would 
have  been  luikiiovvn,  had  not  some  relics  of  their  labors  (like  the  organic 
remains  of  animals  whose  species  are  extinct)  yet  resisted  the  corroding 
effects  of  time.  When  we  exaniino  the  ruins  of  their  temples  liieir  cities, 
and  other  monuments  of  their  progress  in  the  arts,  our  disap)>ointment 
amounts  to  distress,  that  the  veil  which  conceals  them,  is  not,  and  perhaps 
cannot  be  removed.  Sirai.ge  as  it  may  appear,  we  are  almost  as  ignorant 
of  the  mysterious  Palempie,  and  hundreds  of  oilier  cities,  e<|ually  and 
some  of  them  perhajis  much  mori'  aticicnt — as  of  the  buildf.-rs  of  Babels 
and  we  know  about  us  little  of  their  early  inhabitants  as  if  tl.cy  had  boen 
located  on  another  planet. 
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PaabOBsm  tc  Uic  orf  aiiiitaliou,  Itabiti,  and  motioo*  of  animal* — Rotation  of  the  alniofpberf 
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fcMle«l  fable — Suddeo  expaluiuD  of  air  buratiof  Ihb  bladder*  of  flab — Pretaum  of  the  atmoajihere  oa 


WfTH  the   last  chapter  we   concluded   our  remarks  on  machines  em- 
nct'il  in  the  first  general  division  of  the   subject,  (see  pnge  8)  and  now 
Bcecd  to  those  of  the  second  ;  viz.  such  hs  raise  water  by  means  ol"  the 
pighl  or  pressure  of  the  atmosphere.     These   form   a   very  inleresling 
-lliey  are  genuine  philosophical  instruments,  and  as  such  may  serve 
bibit  and  illustrnte  some  of  the  most  important  truths  of  natural  phi 
by.     The  principle  upon  which  their  action  depends  was  fiirmcrly  un- 
»-n,  and  even  now,  a  person,  however  ingenious,  while  igni>ranl  of  ;lie 
iture  and  properties  of  the  atmosphere,  would  be   utterly  unable   lo  ac- 
Bunt  for  the  ascent  of  water  in  them.     Having  no   idea  of  the  cause  of 
lis  accent,  except  tlie  vague  one  of  ruction,  he  would  feel  greatly  embar- 
ii<ied  if  retpiired  to  explain  it.     And  when  informed  that  tliere   really  is 
giich  thing  in  nature  as  suction,  but  that  it  is  a  mere  chimera,  having  no 
lislence  except  in  the  imagination,  the  task  w'ould  bo   attended   with   iii- 
Ipcrable   difficulties.     Perhaps   he   would   have  recourse   to  a  common 
»mp,  to  traci;if  possible,  the  operation  in  detail;  if  so,  he  would  nntuml- 
•  begin  with  the  first  mover,  or  the  pump  handle,  and   wotild   look   Cor 
jme  met/turn,  by  which  motion  is  transmitted  from  it,  to  the  water  in  the 
rell  ;  but,  however  close  the  scrutiny  might  be  made,  he  would   be   una- 
le  to  delect  any;  and  as  a  matter  of  course,  while  a  connection  between 
?ra,  t.  e.  between  the  mover  and  the  object  moved,  could  not  be  dist.ov- 
_   eii,  it  would  be  impossible  for  hini  satisfactorily  U\   account  fur   the  phe- 
nomenon.    If  "a  body  cannot  act  where  it  is  not  present,"  as   the   sucker 
of  a  pump,  on  water  at  a  distance  from  it,  how   could   such  a  person  ac- 
count for  the  ascent  of  that  water  in  obedience  to   the   nioveint^nts   of  the 
pt'ckKrT     And  how  could  he  explain  the  process  hy  which  it  was  eifected 
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while  he  could  find  no  apparent  communication  bclweeti  them  t  Tlie  fact  a 
it  would  be  difficult  for  hmi  to  point  out  any  closer  connection  between 
the  pump  rod  and  the  water  in  the  well,  than  between  a  walking  cane  in 
the  nunda  of  a  pedestiian,  and  water  under  the  surface  of  the  grotuid 
over  which  he  stepped  ;  nor  could  he  assign  a  conclusive  reason,  why  the 
liquid  should  not  ascend  and  accompany  the  movements  of  the  latter  u 
weU  as  of  the  former. 

He  cnuld  perceive  no  obvious  or  ailcqvate  cause  for  the  elevation  of 
water  through  the  pipe  of  a  pump,  there  being  no  apparent  force  applied 
to  it.  or  in  the  direction  of  its  ascent,  no  vessel  or  moveable  pallet  going 
down,  as  ir  the  preceding  machines,  to  convey  or  urge  the  liquid  up— an3 
hence  he  could  no  more  comprehend  how  the  movements  of  a  pump  box 
(sucker)  alx)ve  the  surface  of  the  ground,  should  induce  water  in  a  well 
to  riu/i  up  towards  it,  than  he  could  explain  how  the  waving  of  a  magi- 
cian's wand  should  cause  spirits  to  appear. 

I/(mg  familiarity  with  tlie  atmospheric  pump,  makes  it  hard  for  us,  at  the 
present  day,  to  realize  the  difficulties  formerly  experienced  in  accounting 
for  the  ascent  of  water  in  it.  Suppose  the  cause  yet  unknown  and  un- 
ihought  of — it  certainly  would  puzzle  us  to  explain  how  a  piece  of  leath- 
er (the  sucker)  moving  up  and  down  in  a  vertical  tube,  whose  lower  ori- 
fice is  in  water,  some  twenty-five  or  thirty  feet  below  it,  should  conjure 
that  water  up.  Such  a  result  is  opposed  to  all  experience  and  observa 
tion  in  other  departments  of  the  arts ;  nor  is  there  any  thing  like  it,  in  the 
machines  we  have  examined  in  the  preceding  book.  The  mechanism  by 
which  motion  is  transmitted  from  them  to  the  water,  is  obvious  to  the 
•enses — a  tangihle  medium  of  communication  is  established  between  the 
force  that  works  them  and  the  water  they  raise ;  whereas  in  the  pump,  an 
inrui/ile  agent  is  excited,  whose  effects  are  as  surprising  as  its  mode  of 
operation  is  obscure.  'Tis  true,  a  tube  (the  punp  pipe)  is  continued  from 
the  j)Iace  where  the  sucker  moves  to  the  water,  but  it  remains  at  rest,  or 
:■  immoveable,  and  therefore  cannot  transmit  motion  from  one  to  the  other; 
Tt  is  merely  a  channel  through  which  the  water  may  rise — it  does  not 
raise  ::. 

Bat  if,  in  order  to  establish  a  connection  between  the  sucker  and  water, 
the  former  were  made  to  descend  through  the  pump  into  llie  latter,  still 
the  difficulty  would  not  be  overcome.  The  sucker  in  that  case  would  act 
much  like  one  of  those  buckets,  used  in  some  wells,  which  has  an  opetiinff 
in  its  bottom  to  admit  the  water,  and  covered  by  a  flap  to  prevent  its 
return.  (The  sucker  is  in  fact,  merely  a  small  bucket  of  diis  kind,  and  ic 
BO  named  in  some  countries.)  In  both  cases  the  water  would  bo  raised 
which  enl<Ted  through  the  valves — the  bucket  would  bring  up  all  it  con- 
tained, and  the  sucker  alt  that  passed  through  it  into  the  pump;  so  fur  the 
opernlion  ni'  both  is  clear,  and  as  regards  the  raising  of  the  water  above 
the  valves,  would  lie  the  same  ;  but  it  is  the  ascent  of  a  column  <  f  water 
behind  the  sucker  that  requires  ex[ilanali<in — a  liquid  column  that  follow* 
it  as  closely  through  every  turn  of  the  tube,  as  if  it  were  a  rope,  having 
its  fibres  at  one  end  fastened  to  the  sucker  and  jmlhd  vp  by  it.  What 

is  it  that  makes  this  water  ascend  ni^ainst  a  law  of  its  nature — against 
gravity  ?  Were  the  c(ihesi<m  of  its  pailicles  such  that  it  could  be  raised 
by  a  force  applied  only  to  its  upper  eml.  then  indeed  the  difficulty  would  be 
diminished  ;  but  in  that  case,  it  would  follow  that  a  similar  column  would 
wcend  after  a  bucket  when  driiwti  out  of  ai.  <\<en  well  ;  and  further,  that 
a  traveler  mi^ht  then  nitike  use  of  a  lupiid  walking  slick,  to  assist  hiia  ic 
his  journeying. 

RofHeJ  thus  in  our  attempts  to  find  a  '•obition  here,  we   perhaps  w>  ildi 
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esftn  to  ihink.  that  when  a  liquid  is  raised  in  the  pipe  of  a  pump,  it  inu^t 
bv  sonic  force   acting  below,  or  behind  it,  a  force  a  tergo,  iis  it  is  named, 
Dd  of  which  all  the   preceding  machines  are  examples.     Thuf  when  a 
ckst   of  water  is   raised   J'rom  a  well,  the    force  is   applied   oehind  it, 
Le.  to  the  hottom  of  the  bucket,  through  the  cord,  bale,  and  side's,  (o  which 
;  is  ettachecl.      It  is  the  same  in  the  screw,  the  force  continually  elevating 
tpurtjor.  of  it  immediately  Miind  the  water;  and  in    the   tympanum,  no- 
,  chain  of  pots,  chain  pump,  &cc.  it  is    the    same ;   the  vessels   or   pallet* 
below,  i.  e.  I>ehind  the  liquid  and  urge  it  up  before  them.    It  is  the  same 
I  all  ordinary  motions.     I  wish  to  examine  a  small  object  laying  at  the 
r>t  of  my  garden:  now  I   cannot   by  moving  this  ruler  in  its  direction,  in 
^i:  manner  of  a  pump  rod,  induce  it  to  move  to  me,  nor  can  it  ever  be  so 
Boved,  until  the  force  of  some  other  body  in  motion  behind  it   im|)el   it  lo- 
rds me.     It  is  the  sume  in  the  case  of  a  stubborn  boy,  who  not  only  re- 
fo  move  OS  <lirecle<l,  but  opposes  the  natural   inertia   of  his   body  to 
be  change,  and  therefore  can  only  be  impelled  forward  by  some  force  ap- 
iicd  directly  or  indirectly  behind  him,  by  dragging  or  pu.shing  him  along. 
this  way,  all   the  motions  in  the  universe,  according  to   some  pliiloso- 
iLcrs,  are  imparted  or  transferred;   those  which  appear  exceptions  being 
ansidered  modificjitions  of  it.     Still  however,  the  ditficulty  of  csfaljlishing 
cannection  between  the  movements  of  the  sucker  in  the  interior  of  l)ie 
iinp  at  one  end,  and  this  force,  whatever  it  might  be,  acting  on  the  wa- 
»r,  autAide  of  if,  at  the  opposite  end,  would  remain  ;  and  we  should  pnjb- 
Ifly  At  last  impute  this  ascent  of  water  (with   the  ancients)  to  some  inde- 
nable  energy  of  nature,  both   fallacious  and  absurd  ;  nor  would  this   be 
jrprising,  for  in  the  absence  of  a  knowledge   of  the   atmosphere   and  of 
"its  properties,  there  really  is  oi  .^rea^  a   mysterv   in   the  movements  of  a 
pump  rod  being  foUowea  by  the  ascent  of  the  liquid,  as  in  any  thing  ever 
attributed  to  the  divining  rod,  or  to  the  wund  of  Aliaris. 

In  order  to  understand  the  operation  of  machines  belonging  to  this  part 
"  the  subject,  and  also  the  jirinciple  upon  which  their  action  depends,  wo 
dust  K*ve,for  a  few  moments,  the  consideration  of  pumps  and  pipes,  and  all 
be  contrivances  of  man,  and  turn  our  attention  to  some  of  the  Creator's  works 
tliey  are  exhibited  in  nature.  This  may  perhaps  l>c  deemed  a  depar- 
fronj  the  subject ;  it  is  however  so  far  from  being  a  digression,  that  it 
I  essentially  necessary  to  ascertain  the  cause  of  water  ascending  in  this 
of  machines,  as  well  as  to  understand  the  philosophy  of  numerous 
ntural  as  well  as  artiKcial  operations,  that  are  performed  by  apparatus 
nalogojis  to  them  ;  as  the  acts  of  inspiration  and  respiration,  quadrupeds 
prinking,  the  young  of  animals  sucking  thi'ir  dams,  children  drawing  nour- 
iimont  from  their  mothers'  breasts:  bleeding  by  cupping,  bv  leeches, 
by  the  more  delicate  apparatus  of  a  muskcloe's  proboscis ;  and  if 
bins*  ignoble  may  be  named,  the  taking  of  smiH',  smoking  of  cigars  and 
bipc«  of  tobacco,  and  also  the  experiments  of  those  peripatetic  philosophers, 
rho  perambulate  our  wharves,  and  imbibe  nectar  through  straws  from 
liogsliends  of  rum  and  molasses. 

Every  person  is  aware,  that  the  earth  on  which  we  live  is  of  a  globular 
'  spheroidal  figure,  and  that  it  is  enveloped  in  an  invisible  ocean  of  air  or 
M.  which  extends  for  a  great  number  of  miles  from  every  part  of  its  sur- 
»ee.  This  hollow  sphere  of  air  is  named  the  atmosphere,  and  is  one  of 
he  most  essential  parts  in  the  economy  of  nature.  It  is  the  source  as 
irnll  as  the  theatre  of  those  sublime  meteorological  phenomena  which  we 
^inMaiiliy  behold  and  admire.  It  is  necessary  to  animal  and  to  vegetubla 
ife.  Its  material  is  the  'breath  of  life'  to  all  things  living.  It  is  more 
nyer  the  peculiar  element  of  land  animals,  the  scene  of  their  action.'",  liw 
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fljid  ocean  in  wliicli  they  only  can  move,  and  wilhin  wliitli  they  are  al- 
ways  immrrscd.  It  is  to  them,  what  the  sou  is  to  fish  :  remove  l}iem  froi) 
It,  iind  they  necessarily  die.  In  some  resjiects  nature  has  been  more  fa< 
voraliic  to  fishes  than  to  us  :  most  of  them  can  ascend  to  the  surface  of 
the  fluid  in  w  hich  ihey  live,  Imt  we  can  only  exist  in  t)ie  lowest  depths  o^ 
ihe  atmospheric  ocean  that  confines  us  :  if  wo  ascend  but  a  little,  our 
energies  begin  to  fail,  and  we  are  compelled  to  descend  to  the  bottom,  th« 
place  she  designed  us  to  occupy. 

Possibly,  some  people  may  suppose  that  the  velocity  with  which  tlie 
earth  shoots  Airward  in  her  orbit,  might  sometimes  cause  this  atmosphera 
(which  hangs  as  ii  mantle  so  loosely  about  her)  to  be  left  floating,  like  ths 
Inil  of  a  comet,  behind  ;  or  be  entirely  separated  from  her,  like  the  cloud  of 
fapor  which  the  impetuous  ball  leaves  at  the  cannon's  mouth.  Such  how- 
ever is  not  thi;  fact  ;  on  the  contrary,  it  revolves  uniformly  with  the  earth 
on  the  axis  of  the  latter,  and  accompanies  her,  us  a  part  of  her.self,  round, 
the  sun.  Were  it  indeed  separated  from  her,  but  for  a  moment,  eitlier  by 
an  increase  or  diminution  of  her  velocity,  the  present  organization  of  na>; 
lure  would  be  destroyed  ;  every  mountain  would  bo  hurled  from  its  base; 
every  house  on  the  globe  would  be  leveled  ;  and  no  human  being  could, 
survive.  Had  the  atmosphere  not  a  rotatory  motion  also,  in  commoi^ 
with  thiit  of  the  earth,  i.  e.  of  the  same  velocity  and  in  the  same  direction^ 
a  very  dill'erent  slate  of  tilings,  pjs  regards  the  arts,  would  have  subsisted) 
than  those  which  we  behold.  For  example,  aerial  navigation  would  cer 
lainly  have  superseded  nearly  all  traveling  by  land  and  water;  and  rail- 
roads, and  locomotive  carriages,  and  steamboats,  would  hardly  have  been 
known  ;  for  the  project  of  that  individual  who  proposed  to  visit  distant, 
countries,  by  merely  ascending  in  a  balloon,  till  the  rotation  of  the  earth 
on  ila  axis  lirought  them  under  him,  when  he  intended  to  descend,  would 
have  I  een  no  visionary  scheme. 

Tlu  air  is  fungible. — Although  the  substance  of  the  atmo.«phore  is  no* 
visible  it  is  tangible  ;  wej'cfl  it  when  in  motiim  as  wind,  whether  it  lifl 
gently  disturbed  as  in  the  evening  breeze,  or  by  the  slight  waving  of  a 
lady's  fan;  or  when  greatly  excited,  as  in  the  hurricane,  or  the  violent  blast, 
from  a  bellows'  mouth.  \Vc  also  see  its  efl'ects  when  thus  in  motion 
the  direction  of  smoke,  extinction  of  our  tapers,  slamming  of  doors,  in  thit 
beaulii'ul  waving  of  grass,  and  of  the  lull  eared  grain  of  the  fields;  trcei 
yielding  to  its  impulse,  buildings  unronled,  and  sometimes  in  the  prostr&- 
tioii  of  large  tracts  of  forests;  in  wiiulmlUs,  sailing  of  ships,  and  the  con* 
vulsions  into  which  it  throws  the  otlicrwise  pkcid  ocean. 

Air  is  compn'siihlr. —  Indeed  compressibility  and  expansibility  arc  pro- 
perties of  all  bodies;  by  the  al>stniction  of  hcnt,  airs  are  compressed  into 
liquids,  and  lii]uids  into  solids,  while  an  increase  of  temperature  expands 
solids  into  liiiuids,  and  these  iiitd  airs.  In  the  common  air  gnn,  four  or  five 
gallons  of  the  dense  air  around  us  are  compressed  into  a  pint,  and  by 
fiirtlier  pre.ssure  they  may  be  s<]ueezed  into  a  few  drops  of  lupiid,  which 
a  tea  s[>oon  might  contain. 

Its  cxiHtMiliilitij  or  dilafdhililt/  is,  so  far  ns  known,  illimitable;  the  space 
it  occupies  being  always  in  proportion  to  the  pressure  that  confines  it.  It) 
a  collapsed  and  apparently  empty  bladder  be  placed  under  a  receiver, 
and  the  air  around  its  exterior  be  removed,  the  small  portion  within  will 
expand  and  swell  it  out  to  its  natural  .shape.  If  it  were  possible  to  w 
draw  the  whole  of  the  air  from  this  room,  and  a  glnbule  nr>  larger  than  a  peft 
were  then  admitted,  it  would  instantly  dilate  j»nd  fill  the  room.  The  np|WRl 
strata  of  llie  atmosphere  decrease  in  density  as  they  recede  from  the 
earth's  surface,  on  account  of  the   diminuiion   of  the  pressure  from  s'lfHT 
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infuratifiit  stTBtt,  and  tins  nt  a  certnin   height  this  small  i^'lohnle  of  air 

nitii!'  !■  equal  to  llie  earth  itscll !     And  ut  tl»e  ficifflit  of  four 

nrfi  -,  it  lias  lieen  calculuted,  tliret   U-ss   lliiin    ii   teacup  full 

of  til.  kir  .ve  iiicailic,  would  fill  a  sphere   etjual  in   dinmfler  to   thu   very 

I  miit  nf  Sntum  I     The  efficiency  of  the  air  pump  in  producing  a   vacuum 

iir|H'iiil«  diiirely  on  this  property. 

Alf  nt  ilic  tix>t  of  a   mountain,  whose  elevation   is  bttwcen  three  and 

I  fn«r  miles,  occupies  twice  the  space  when  carried  to  the  top.     A  (jiiart  of 

lttt»kcnfnira  the  summit  would  be  reduced  to  a  pint  if  conveyed   to   the 

IhnttniT).     From  tliis  expansive  power  of  air  arises  its  rlusflfi/i/.     This  is 

l&niiliarto  roost  people;  for  when  confined  in  flexible  vessels,  as  a-ir  beds, 

Ipilluwii,  life  preservers.  Sec.  as   soon   as  any  weight  or  pressure   imping- 

lingupoti  th<»mis  removed,  the  elasticity  of  the   confined   fluid   pushes   up 

llhe  ill-pressed  part  as  before.     If  air  within  a  bladder  were  not  elastic,  the 

fimproMiotis  made  by  the  fingers  in  handling  it  would  remain   as   in  a   ball 

I  ef  (arte,  and  air  beds  would  retain  the    form   of  bodies  that  reposed  upon 

Itiirm,  like  a  founder's  mould  of  sand  or  plaster.^     Those  extremely  light 
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ITcrJons  nippoM,  of  modem  nrijcin.     They  were  known 

'Uyoum  (1^0,  rw  appp.in*  I'rorn  tlie  aniiffxctlful.  (No.  6H,) 
iiiid  to  the  finit  (■criiian  traiulnlioii  of  Ve^iauis,  .\.  I). 

>:n  repoiing  onlliem  in  time  or  war,  with  the  mode  of  inA* 
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rfo.Ce.    Ancinnf  Air  Brrf. 
This  appliralifin  of  air  vros  probiiljly  known  to  the  Uoinnnt..     Hcliogabnliis  iifj-d  to 
tnin*e  hnnwir  willi  the  glints  he  iiiv  iird  to  bis  liamiiict*.  by  feoling  llicui  on  large  bag* 
« l»ed»,  "  full  of  wind,"  which  being  made  suddenly  to  coUHpne.  tiire**  'Jie  gimsti  on  tha 
paufttl. 

1'      '        "   '"      "ill'or  of  '  Fleiiienuof  Physics.' a  few  vear»ftfo.  propoff)  ■  HyiJrj 
•'■'  l,v  for  invnliils.     Tbeiie  ni>' capacious li.-igs,  Airim-d  oT  iiidia-riKilipr 

fJo    .    :; ;  1  icubrinatead  of  feathers,  hrir.  lie.    Upon  ohk  of  Uioiw  a  suA  and  thia 

a«llri>w  m  laid,  .ind  then  the  ordinary  covcrinz'.      \  pcrran  floati  on  tlie<«  b  -lU  u  oo 
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b«lls  of  caoutchDur,  which  of  Inte  yetirs  have  1>eer.  introducec  as  [larlor 
toys  for  children,  rebound  from  the  olijccts  thoy  strike  by  the  spnng  of 
the  air  ihey  contain.  In  the  iKiy's  pop  gun,  that  is  fomipd  of  a  tjuill,  the 
liny  pellet  is  sent  on  its  harmless  errand  by  ihe  elastic  ener^-  of  lie  com 
pressed  fluid.  And  in  llie  air  g»n,  it  is  the  elasticity  of  the  came  fliiirl 
tliat  projecw  balls  with  the  force  of  gunpowder  If  it  were  not  clastic, 
people  when  fanning  themselves  would  feel  it  thrown  afrainst  their  per- 
sons like  water  or  sand.  The  act  of  inhaling  it  would  be  painful,  for  it 
would  enter  ilie  chest  by  gluts,  while  its  pulsations  in  sound  would  quickly 
destroy  the  membranes  of  the  ear. 

Perhnjis  nothing  is  l>elter  calculated  to  expand  our  ideas  of  the  proper- 
ties  of  matter,  and  of  the    wonders   of  creation,  than   the   compressibility 
and  dilatnbilily  of  air.     From  tlie   last  named  quality,  it  is  prnl>abie  that  j 
there  is  nu  such  thing  in  nature  as    "tn   ab.%olute  vacuum  ;  and  the    best  of  i 
our  air  pumps  can  scarcely  be  said  to  make  even  a  rude  approxiraationJ 
to  one  !     Those,  whose  knowledge  of  nature  is  confined   to  impressional 
which  things  make  on  their  senses,  may  suppose  that  the  exlremc-s  of  »o»| 
lidity  may  be  found  in  n  jiig  of  lead   and  a  l>alc  of  spunge;   allhou$rh  ihej 
former  is,  in  all  probability,  as  full  of  interstices  as  the  latter;  and  such] 
persons  could  with  dilRculty  be  made  to  believe,  lliat  the   entire   mass  of] 
matter  (aii)  which Jil/a  a  space  so  immeasurably  large  as  to   baffle   all  cal- 
culation could  be  compressed  into  a  lady's  thimble,  and  even  sipieezed  in-^ 
to  a  liquid  drop,  so  minute,  as  scarcely  to  be   peireived   at  the   end  of  a 
needle. 

Like  all  other  matter  with  which  we  are   acquainted,  air  has   ircight,! 
This  property  is  not  naturally  evident  to  our  senses,  but  it  n.-t\  eiisily  l>«J 
rendered  so.      By  accurately  weighing  a  bladder  when  filled  With  air  anJl 
afterwards  when  empty,  it  will  be  found   heavier  when  fjll.     This   wai^ 
an  cxperiinent  of  the  ancients,  but  the  moderns  have  ascertained   its  de-1 
finite  weight.     A  cubic   foot  of  it,   near  the  earth't  fui^nce,  weiebs  aliuuti 
IJ  ounces  or  y^^  part  that  of  water,  a  cubic  foot  of  the   latter  weighing! 
1000  ounces  ;  hence  the  expression  "  water  is  SOD  tiroes  heaver  than  air." 
The  agjzregiile   weight  of    tlie   atmosfjiere    has   been   calculated   at    upj 
wards  of  77  billions  of  tons,  lx;ing  equivalent  to  a  solid  globe  of  lead   60 
miles  in  diameter ;  hence   its  jrrrssurc,  for  this  enormous   weight   rejM 
'ncessanlly   upon  '.lie   earth's  surface,  and  upon  every  object,  animate  or 
inanimate,  solid,  liquid,  or  aeriform.     The  pressure  it   thus  exerts,  (in   all] 
places  ll-,it  an?  not  greatly  elevated  above  llie  level  of  the  sea)  is  equal  tol 
to  about  15  lbs.  on  every  superficial  8(]uare  inch.     Thus  an  ordinary  sized] 
person  expose*  ao  large  a  surt'aco   to  its  influence,  t'nat  the  aggregilaj 


»iit<?r  ainne.  for  lli<"  ln)a'rd  in  the  hag  Hdnpls  itwif  lo  the  imcven  mirfiice  of  the  bodr.  am 
KiippiiriK  every  |.iu1  repiwinp  upon  it.  wrlli  a  iinirorni  nrrs«iir<<.     Wnter  brd«  »••«•  Imw    J 
"ver  known  lo  the  uncienL". 'for  Plnlnrrh  (in  liif  lifp  of  Aleinmler)  islati*<  Ihnt  the  people  fl 
ia  Ihe  province  of  Bnbvlon  clept  diirinE  the  hot  month*.  "  on  okin^  filled  ^^-ilh  water."    V 

Tlie  l"inry  of  the  aiicioni*  with  lesnrd  lo  hpiln  was  cntried  U>  a  *iirprii.-ini!  M 
tent.  They  were  of  down,  of  the  wooi  »f  .M ileum,  mid  joiiietimcn  ctiiHed  with  pea 
rock's  feal'ieri'.  The  Koiiiiiiin  had  linen  ishceL«.  white  n»  piiow.  and  qinlt.«  nf  needle 
work,  and  itoiiietime)!  of  cloili  of  gold.  Bedstead*  among  the  rich  (ireek*  and  Roman* 
wore  soinetinieH  of  ivory.  «f  ebony,  and  niiier  rich  \vood.<,  witli  inlaid  work,  niid  Cifnna 
in  relief  Some  were  -of  inasgive  iiilver,  and  even  of  gold,  with  feel  of  onyx-  The/ 
h-iti  litem  also  of  iron.  One. of  that  material  was  found  in  Pompeii.  The  earlie«l  niv 
tsJIic  bcdsle.nd  meniioned  in  hiitiiry  is  that  of  Oe,  king  of  Bashnn  The  iVrMiiiu  hjkil 
Klaves  rvpresily  for  bod  iimkine.  "nd  the  art  hroame  famous  in  Rome.  OnlHm  bi'dn 
o(Vn  liiriiifd  pan  of  the  plunder  which  the  generals  eihihilcd  at  llieir  tjiiiiiiiihr  The 
Athenians  put  Timagoros  their  ambiuandor  lo  Persia  to  death,  for  accepiiiig  pmaKiili 
rroiii  die  king,  niiionif  which  wac  a  "  niagiiiiiuttut  bed  with  sarvonu  to  luuke  it."  Pin 
btrch  ip  Prlnpulai. 
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sure  wKich  Kis  loJy  sustains  is  not  less  tlian  14  or  15  tons,  "  Xr,t  lew 
Ban  wliat  I"  once  exclaimed  an  elderly  nnd  corpulenl  lady.  "  AA^liy  how 
J  that  bo  1  We  could  nuither  t«lk,  nor  walk,  nor  even  move  ;  a^d  b<» 
sir.  if  t}ial  is  the  case,  why  don't  we  feel  it  ?"  For  a  very  simple 
,  ihoutrh  at  the  first  view  not  a  very  obvious  one.  Air,  as  a  fluid 
sees  equally  in  erery  ilirci.fiitn — u[i\vards  as  well  as  downwards — side- 
ays  and  -every  way.  lis  component  panicles  are  so  inconceivably 
inute.  that  tliey  enter  all  substances,  even  liquids.  Air  is  mixed  up  and 
uluies  Nvith  the  blood  of  all  animals;  it  penetrates  all  the  ramifications 
;d  innermost  recesses  of  our  porous  bodies,  and  by  the  pressure  of  its 
perincumbent  strata  is  urged  through  them,  almost  as  freely  as  through 
le  fleece  of  wool  on  a  sheep's  back,  or  between  the  fibres  and  threads 
a  hnll  of  silk.  Now,  it  is  this  circulation  throus?h  the  interior  of  our 
Jies  that  balances  its  pressure  without.  If  its  weight  upon  us  were  not 
us  neutnilized,  we  certainly  could  neither  talk  nor  walk  ;  the  lips  of  the 
ude?l  speaker,  when  once  closed,  could  never  be  openciL  W  e  should  bo 
mute  and  immtivfaltit  as  if  enclosed  in  statues  of  lead.  And  we  should 
W  it,  too— that  is,  for  a  moment ;  for  it  would  as  effectually  crush  us  to 
ath,  as  if  we  were  placed  in  mortars,  and  pestles,  each  weighing  14  or 
a  tons,  were  suddenly  dropped  upon  us. 
It  is  the  air  within  the  breast  of  the  mother  that  forces  milk  into  an 
flint's  mouth,  when  the  latter,  by  instinct,  removes  the  external  pressure 
fron»the  nipple  Vjy  sucking.  It  is  the  same  with  all  mammiferous  animals. 
The  operation  of  cupping  is  another  illustration  of  the  same 'thing:  the 
refaction  of  the  air  under  the  cup  produces  a  partial  vacuum  wiiliin  it; 
d  as  tlie  external  pressure  of  the  atmosphere  is  removed  from  that  part 
Web  is  under  it,  the  internal  pressure  urges  the  blood  through  the 
cnnds.  Were  cupping  instrumenU  applied  over  the  eyes,  those  organs 
would  Le  protruded  from  their  sockets. 

Ai  it  is  the  prtfure  of  the  atmosphere  upon  which   the  action  of  the 
.chines  s,bout  to  be  described  principally  depends,  we  shall  extend  our 

arks  upon  it. 
Suppose  a  specimen  of  delicate  fillagrane  work,  formed  of  the  finest 
roa«U  and  plates,  and  of  the  human  form  and  size,  were  sunk  in  water  to 
e  depth  of  ^4  or  3,>  feet ;  it  would  then  l>e  exposed  to  the  same  dfgree 
pressure  to  which  our  bodies  are  subject  from  the  atmosphere;  and 
hen  drasvn  up,  it  wotild  be  found  uninjured,  because  the  water  entering 
til  all  its  cavities,  pressed  just  as  much  against  its  interior  surfaces  as  the 
uid  around  it  against  the  exterior.  But  if  it  Were  enclosed  in  a  skin  or 
xiblc  covering,  impervious  to  water,  and  then  sunk  as  before,  the  jtres- 
n?  of  the  liquid  around  its  exterior  (not  beiner  balanced  by  any  within) 
■ruld  crush  it  into  a  shapeless  mass.  Just  so  would  it  be  with  our 
dies,  and  those  of  al!  terrestrial  animals,  if  the  air  within  them  did  not 
interact  the  pressure  without.  And  as  long  as  this  inlerior  circulation 
innins,  we  can  no  more  feel  the  pressure  of  the  atmosphere  than  a  fish 
els  that  of  water  ;  nor  can  we  be  deranged  or  conijiressed  by  it,  any 
i-e  than  a  bundle  of  wool  is.  or  a  mass  of  entangied  wire.  It  was 
ijorance  of  this  simple  fact — air  in  the  interior  of  bodies  exactly  balancing 
it  exterior  pressure — thai  led  trio  ancients  astray,  and  induced  one  of  the 
Ml  sagacious  int4>llects  that  was  ever  clothed  in  l.'Umaniiy  (Aristotle)  to 
rfl>e  this  pressure  to  "  nature'*  abhorrence  of  a  vacuum." 
Since  the  invention  of  the  air-pump  in  16.54,  numerous  experiments 
made,  which  deinonstrato  the  pressure  of  the  atmosphere.  By  it,  tliit 
ssure  may  be  removed  from  one  par:  of  the  body,  while  it  is  left  free 
to  with  undiminished  eiiertrv  or,   the  opposite  part;  as  wbrn  the  pain 
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of  the  hand  is  held  over  the  aperture  of  an  exhausted  receivei ,  t'ne  -weight 
or  pressure  of  the  air  on  the  back  being  no  longer  balanced  ny  its  actioa 
on  the  palm,  the  hand  is  irresistibly  held  to  the  vessel.  A  criminal  oi 
maniac,  whose  hands  and  feet  are  thus  treated,  would  be  as  effectually 
•secured  as  by  fetters  of  iron.  Few  things  arc  bolter  calculated  to  excite 
wonder,  and  even  horror,  in  the  savage  niinil,  than  a  part  of  the  body  ' 
iicing  thus  rendered  helpless,  as  if  sjiell-bound  by  some  invisible  ageiit.^ 
A  few  years  ago,  an  experiment  was  made  with  tlie  chief  of  a  delegation 
i>("  Potlawatamies  to  the  scat  of  government,  at  which  the  writer  waa 
present.  Altliougli  the  interpreter  previously  endeavored  to  make  them 
iiiii^erstand  the  intended  operation,  it  will  readily  be  supposed  that  such 
an  iiKempt  must  necessarily  have  V>een  fruitless.  When  tlie  receiver  wa« 
exhauRled,  he  was  amazed  to  find  h'b  hand  immoveable,  and  that,  like 
Jeroboanr'g,  "he  could  not  pull  it  ir  ugaiii  to  him."  In  his  endeavors  to 
free  it,  he  rapidly  uttered  the  charactt-rislic  interjections,  ugh  !  ugh  !  and 
at  last  shrieked,  as  if  in  despair  of  being  delivered  from  the  power  of  llie 
white  enchanter;  when  his  attending  warriors  flourished  their  tomahawks 
and  ruslied  to  his  rescue,  as  il"  roused  by  the  war-whoop. 

It  is  not,  hewever,  necessary  to  have  recourse  to  the  air-pump,  for 
prwjfs  of  Blinospher  c  presiure.  Numerous  operations  daily  occut  in 
common  life  which  eipially  establish  iL  When  a  person  washes  his 
hands,  if  he  lock  ihetn  together  so  as  to  bring  the  palms  close  to  each 
other,  and  then  attempt  to  raise  the  central  parts  so  as  to  form  a  mvity 
between  them,  at  l!ie  same  time  keeping  the  extremities  of  the  palms  in 
close  contact,  he  \\\\\  feel  the  atmospheric  pressure  very  sensibly  :  if  the 
experiment  be  made  under  water,  the  eft'cct  will  be  more  obvious  slilL 
Analogous  to  this  is  the  attempt  to  open  the  common  household  bellow* 
when  the  valve  and  nozzle  are  closed.  The  boards  are  then  forced  open 
with  difficulty,  in  consequence  of  the  pressure  of  the  air  on  iheir  exterioi 
not  being  balanced  by  its  admission  within.  If  the  materials  and  joint* 
were  made  air-tight,  and  the  nr-Rces  perfectly  closed,  the  strongest  man 
thiit  ever  lived  could  not  force  them  open.  This  experiment,  we  lieiieve, 
was  familiar  to  the  ancients  ;  for  we  are  indebted  to  them  for  Inith  the 
niacksmith  and  domestic  bellows.  Another  experiment  of  theirs,  of  ■ 
similar  kind,  was  with  the  syringe.  Wlien  the  small  orifice  is  closed  will 
ihe  finger,  the  piston  is  pulle<l  up  with  difficulty,  on  account  of  the  aii 
pressing  on  its  surface ;  and  the  moment  we  let  go  of  the  handle,  it 
mstantly  drives  it  back,  in  whatever  position  the  implement  is  held 
The  ordinary  syringe  seldom  exceeiis  three-fourths  or  one  inch  in  diame- 
ter, and  any  person  can  thus  draw  out  the  piston  ;  but  one  of  six  or  seven 
inches  diameter  would  require  a  giant's  strength  ;  and  one  of  a  foot  of 
fifteen  inches  would  resist  the  efforts  of  two  or  three  horses. 

Numerous  illustnitioiis  of  atmospheric  pressure  may  be  derived  from 
the  animal  kingdom.  The  boa  constrictor  when  it  swallows  its  prey 
affords  one.  As  stton  as  this  serpent  has  killed  a  goat  or  a  deer,  he  covi?rs 
its  surface  with  saliva  :  llii.-5  apjioars  necessary  to  lay  the  long  hair  of  these 
animals  close,  in  order  (o  prevent  air  from  passing  between  the  body  ol 
the  victim  and  the  interior  of  the  devourer's  throat.  After  taking  the 
head  into  his  mouth,  by  a  w<mderful  muscular  energy  he  alternately  ililatei 
and  rnntrtnis  the  posterior  portions  of  his  body,  until  the  pressure  of  the 
atmosphere  forces  into  his  flexible  skin  an  animal  whose  bulk  greatly 
exceeds  that  of  his  own.  But  if  air  were  to  pass  between  the  body  of  the 
victim  and  the  dilatable  gullet  of  the  boa,  while  the  latter  was  making  « 
vacuum  to  receive  it,  the  pressure  of  the  atmosphere  would  be  neutralizco 
as  effect  iially  as  if  a  gash  were  made  through  his  skin  in  front  of  the  victim 
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Tbe  mme  process  may  be  wittM^ssed  in  ordinary  snakes,  for  all  serpents 
»«r»ilow  their  prey  whole.  There  is  no  niastictitiiin  to  fiicilitutc  degluti- 
lion.  Their  upper  jaws  are  loiisely  cnnnected  to  llie  head,  so  thul  th« 
mouth  c&n  \te  opened  very  wide,  lo  iidmil  larger  animals  than  the  size  of 
th»"  ^yrperitu  would  lead  one  (o  suppose. 

ii    examples,   it   must  be  admitted,  tire  not  very   familiHr  ones  ;  hut 
15  an  experiment  not  much  unlike  them,  that  most  people  have  wit 
;J,   ami  not  a  few   perform  it  in  their  own    persons  almost  daily.     la 
ery  age  people  have  been  fond  of  oysters,  and  numbers  of  our  citizens 
often   lavuriale   on  a   finer  and    larger  species  than    those   which   Roman 

icvirvs    formerly    imported    from    Britain.     Now,    when    a   gentleiiian 

uJges  in  this  ff)od  in  tlie  ordinary  way,  he  affords  a  striking  illustration 
f  tlie  pressure  of  the  atmosphere.  A  large  one  is  opened  by  the  restau- 
rateur, who  also  loosens  the  animal  from  it.<!  shell,  and  presents  it  on  ono 
b«ir  of  the  latter.  The  imitator  of  the  boa  then  approaches  hi.'t  lips  lo  the 
newly  »lain  victim,  and  when  they  come  in  contact  with  but  a  portion  of 
i^  he  immediately  dilates  hi$  chest  as  in  the  act  of  inspiration,  when  the 
•ir,  endeavoring   to  rush  into  his  mouth    to   inflate  the   thorax,  drives  the 

sJer   liefore  it,  and   with  a  velocity  that  is  somewhat  alarmina;  to  an 

i;x|>erieTiced  sj>ertalor.  If  iwiy  one  should  doubt  this  to  be  effected  by 
atmospheric  pressui-e,  let  hitn  fully  inflate  his  lungs  [irevious  lo  niietripiing 
Vhus  to  draw  an  oyster  into  his  mouth,  and  he  will  tind  as  much  dilHtulty 
to  accomplish  it  as  to  smoke  a  pipe  or  a  cigar  with  his  mouth  open. 

Tliis  philosophical  mode  of  transmitting  oysters  lo  the  stomach  is  iden- 
licJil  in  principle  with  that  proposed  by  Guerricke  and  Papin,  for  shooting 
hollets  "by  the  rarefaction  of  air."*  A  leaden  ball  was  fitted  into  the 
Ijrii'chof  a  gun-barrel,  and  the  end  being  closed,  a  vacuum  was  produced 
in  front  of  it;  after  which  tlie  atmosphere  was  allowed  to  act  suddenly  on 
the  bull,  when  it  was  driven  through  the  tube  with  the  velocity  of  a  thou- 
sand  feet  in  a  second.  Just  so  with  the  oyster  :  it  lays  inertly  at  the 
orifice  of  the  devourer's  mouth — a  partial  vacuum  is  made  in  front  of  il 
l<y  the  act  of  respiralinn,  and  on  dilatii.g  the  chest,  the  atmosphere  drives 
it  in  a  twinkling  down  ihe  natural  tube  in  the  throat — though,  to  be  sure, 
with  a  velocity  somewhat  less  than  ihat  of  biiHols  llirough    Papin's  gun. 

^Vhen  two  substances,  impervious  to  air,  are  fitted  so  close  as  to  exclude 
'.I  from  between  them,  they  ire  held  together  by  its  pressure  on  their 
outsides,  and  with  a  force  proportioned  lo  the  extent  of  the  surfaces  in 
contact.  Pieces  of  metal  have  been  erouiid  logetlier  so  close  as  to  be 
thus  united.  Two  pieces  of  common  window-glass  dlp[H?d  in  water,  and 
pressed  together,  are  separated  with  jifficulty  ;  because  the  water  serves 
to  exfRjl  the  air,  and  prevent  its  entrance,  (ilass  grinders  are  fretjuently 
inconvenienced  by  this  circumstance.  If  two  y-l^tes  of  gloss  were  |)er- 
frctly  ]ilane  and  smooth,  so  as  wholly  lo  excl'idt  the  air  from  between 
tliem,  they  would  become  united  as  one.  We  havii  heard  or  read  of  in- 
CM  w  hen  they  have  become  actually  one,  and  were  cut  by  a  diamono 

an  ordinary  single  i)lale. 

The  boys'  '  sucker,'  or  '  cleaver,'  a  circular  piece  of  wet  and  thick 
leather,  about  the  size  of  a  dollar,  is  another  illustratiu!i.  This,  wher 
pressed  against  a  smooth  paving  or  other  slone,  of  five  or  ten  lbs.  weight, 
nmv  V*e  used  to  raise  it,  by  means  of  a  string  attached  to  the  centre. 
If  one  of  these,  four  inches  in  diameter,  were  applied  to  the  ctanitim  of  a 
bald-headed  gentleman,  he  might  be  elevated  and  suspended  by  it.  Dt 
Aniott  recommends  them  to  elevate  depressed  portions  of  fractured  skulls, 
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and  for  tilher  Burgicul  operations.  Possibly  thty  might  l>e  a])plicd  vritk 
some  advantage  lo  llie  soft  and  yielding  skull5  o'  infiints,  in  order  lo  pro- 
duce tliose  eminences  upon  wiiicb  (according  to  plirfnoloi;i3t»)  tlic  liabitt 
and  character  of  individuals  depend,  as  by  means  of  them  the  most  desira- 
ble organs  of  thought  and  passion  might  be  developed,  and  the  opposite 
ones  depressed. 

The  principle,  of  atmospheric  pressure  has  been  introduced  by  the 
great  Parent  of  the  universe  into  every  department  of  animated  and  in- 
animate nature.  Not  only  docs  it  perform  an  important  part  in  tli« 
vegetable  kingdom,  but  the  movements  of  innumerable  animals,  on  land 
and  in  water,  depend  upon  it;  while  others  are  enabled  by  it  to  protect 
themselves  from  enemies,  and  to  secure  their  food  and  tlieir  prev. 
There  is  something  inexpressibly  pleasing  in  examinins;  even  the  meanest 
specimens  of  the  Creator's  workmanship,  (if  such  an  expression  may  be 
allowed)  and  what  is  singular,  the  more  closely  we  search  into  them,  tbi* 
more  proofs  do  we  meet  with  that  the  most  elaborate  and  the  most  etii- 
cient  of  our  devices  are  but  rough  copies  of  natural  ones,  which  the  lower 
animals  vary  and  apply,  according  to  circumstances,  with  inimitable  dex 
ferity.  Some  of  these  will  be  noticed  here  ;  others  will  be  more  appro- 
oriately  introduced  in  subse(iuf'nt  chapters. 

The  feet  of  the  common  house-fly  are  constructed  like  tlie  suckers  above 
named  ;  and  hence  these  insects  are  enabled  to  run  along,  and  even  sleep, 
on  the  ceilings  of  our  rooms,  with  their  bodies  hanging  downwards. 
When  in  an  inverted  position  they  place  a  foot  on  an  iilyect,  they  spread 
out  the  sole,  to  niiike  it  touch  at  every  part,  so  as  to  exclude  the  air  f.ora 
between;  and  when  the  weight  of  the  body  tends  to  draw  it  away,  the 
pressure  of  the  external  air  retains  it ;  utilil  the  fly,  wishing  to  move, 
raises  the  edges  by  u|)propriate  mechanism,  and  destroys  the  vacuum. 

There  is  not  a  more  interesting  subject  for  the  contemplation  of  mech» 
nics  than  the  movements  of  these  active  little  beings.  To  behold  them 
running  not  only  along  the  under  side  of  a  plate  of  glass,  but  also  up,  and 
more  particularly  tioica  a  vertical  one,  with  such  perfect  command  over 
theii  motions,  is  truly  surprising.  In  the  latter  case,  from  the  rapidity  of 
their  movements,  and  the  fiict  that  part  only  iif  their  feet  are  in  contact 
with  liie  glass  at  the  same  time,  one  might  suppose  the  momentum  of  tbcii 
moving  bodies  woukl  carry  them  over  the  objects  they  intended  to  reach  ; 
instead  of  whicli,  they  dart  along  with  a  precision  and  facility  as  if  impelled 
by  volition  alone.  It  is  strange,  loo,  how  they  are  enabled  to  produce 
a  sulHcient  vacuum  between  their  'iny  feet  and  the  as])erilies  on  an  ordi- 
nary wall  orc.eiKiig!  Anil  wii.li  what  celerity  it  is  done  and  undone! 
How  wonderful  and  how  perfect  must  bo  the  mechanism  of  these  natural 
air-pumps;  and  how  hartiiominis  must  that  machinery  work  by  which  the 
energy  of  the  insect  is  iPinsinilK^d  to  them  !  Their  movements  when  on 
the  wing  present  anulher  source  of  pleasing  research.  Let  any  ingcniou* 
person  witness,  without  admiration  if  he  ciin,  a  few  of  them  in  a  door-way 
open  to  the  sun  :  one  oi  two  wili  be  found  floating  in  the  centre,  ba  if  at 
rest,  intil  disturbed  by  tlie  near  approach  of  another,  when  they  dart  upon 
it.  either  in  pluy  or  in  anger,  and  drive  it  awaN';  then  resuming  their  sta- 
tions, they  remain  as  guards  upon  duly,  till  called  to  eject  other  intruder*. 
In  these  combats  they  vary  tlioir  movements  into  cyery  imaginable  direc- 
tion ;  tliey  trace  in  the  air  every  angle  and  every  curve,  and  change  tlvm 
with  lite  velocity  of  thought.  As  th?y  are  not  furnished  (like  most  fishe« 
and  birds)  with  ruilJers  in  tt.eir  tails,  to  assist  in  thus  changing  their  posi 
tions.  but  efiect  it  by  iiiodilyliig  the  iiclion  of  iheir  wings,  hosv  energetic 
mud  bf  the   fcrce  thai  works  these.'     And  ixliat  pci feet  coir roMid  tnuil 
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the  insect  |insse5»  over  them  !  It  would  seem  as  if  they  turned  theii 
tjodies  in  varioua  directions,  by  diminisliing  ihc  velocity  of  one  wing,  and 
increasing  that  of  tlie  other ;  and  also  by  varying  the  angle  at  which  they 
strike  the  air,  and  liemcend  by  closing  lliem  or  stopping  their  vibrations. 
And  with  what  vigor  and  celerity  must  one  uf  these  insects  move  its  deli- 
cate wings  in  order  to  derate  its  comparaiivcly  heavy  body  !  Yet  this 
morenn.'iit  is  made  qnick  as  ihe  others.  It  bounds  upwards,  like  a  balloon 
rolf»<ied  from  its  cords  ;  now  stiiling  through  a  room,  sweepin;;  round  our 
Meads,  buzzing  at  our  cars,  skiniininu;  over  the  floor,  tnd  tnon  inv?n;!;g 
its  body  and  resting  on  the  ceiling  !  And  all  this  within  two  or  three 
seconds  of  time,  and  without  any  apparent  exertion  or  fatigue.  Hero  is 
a  fruitful  subject  of  in)|uiry  to  the  niuthiiii^t  and  Bi-ronaut.  All  the  wonders 
lliat  tht-  automatons  of  Muelzel  and  Maillardet  ever  wrought,  are  nothing 
O-'inpared  to  those  that  may  yet  Ik;  accomplished  by  studying  llie  orgaut- 
sation  and  motions  of  these  livitis{  machines. 

But  Uiere  are  larger  animals  Uain  flies  that  suspend  ihemscUes  in  an 
ititerled  position.  Mr.  Mursden,  in  his  "  History  of  Sumatra,"  (London, 
1811,  p.  IID)  mentions  lizanh  four  inches  long,  which,  he  observes,  ore 
Uh*  larircst  reptiles  that  can  walk  in  an  inverted  situation.  Gnu  of  them, 
of  size  Biillicient  to  devour  a  cockroach,  runs  on  the  ceiling  of  a  loom,  and 
in  that  situation  seizes  its  prey  with  the  utmost  f'lclllly.  fet  melimcs, 
however,  when  springing  too  eagerly  at  a  (ly,  they  lose  their  hold,  and 
drop  to  the  floor. 

The  GrcJio  of  Java  and  other  cotinlries  is  furnished  w-ith  similar  ap- 
panitus  In  Its  feet,  by  means  of  which  it  runs  up  the  eraoothcsi  polished 
Wills,  and  even  carries  a  loud  with  It,  e(]ual  in  weight  to  that  of  Its  owr. 
oody.  Osbeck  mentions  lizards  in  China  that  run  up  and  down  the  walls 
♦itli  such  <it;lllly  as  "  ihey  can  scarce  be  caught."  The  tntfrvg  of  this 
country  ndlieros  to  the  leaves  of  trees  by  the  tubercles  on  its  toes  :  a  young 
3ne  lius  sustuincil  itself  in  an  inverted  position  against  the  under  side  of  a 
plate  of  gl«s«.  From  tlie  observations  of  E.  Jesse,  author  of  'CJ  leanings 
of  Ntituriii  History'  it  appears  that  common  frogs  can  occiislonully  ilo  the 
Slime.  His  account  is  very  interesting:  "  1  may  here  mention  a  curious 
oliservation  I  miule  in  regard  to  some  frops  that  had  fallen  down  a  small 
■rea  which  gave  light  to  one  of  the  windows  of  my  house.  The  top  of 
tlie  are.i  Iteing  on  a  level  with  the  ground,  was  covered  over  with  some  iron 
l^rs  tliroiigh  which  the  frogs  fell.  During  dry  and  warm  weather  when 
th<'V  could  not  absorb  much  inoislure,  I  observed  them  to  appear  almost 
ton>id  ;  but  when  it  rained  they  Ixcamc  impatient  of  their  confinement, 
and  endeavored  to  make  their  escape,  which  lliey  did  in  the  following  man- 
ner. The  wall  of  the  area  was  about  five  feet  in  height  and  plas- 
tered and  white-washed  aa  smooth  as  the  ceiling  of  a  room  ;  upon 
this  JMirface  the  frogs  soon  found  that  their  claws  would  render  them  little 
or  no  assistance  ;  tfiey  therefore  contracted  their  largo  feet  oo  as  to  mako 
a  hollow  ill  the  centre,  ami  by  means  of  the  moisture  which  they  bad  im- 
biWd  in  cnnsci|iience  of  the  rain,  they  contrived  to  produce  a  vacuum,  so 
that  by  the  pressure  of  the  air  on  their  extended  feet,  (in  the  same  way  that 
we  see  Uiys  take  up  a  stone  by  means  of  a  piece  of  wet  leather  fastened 
to  a  string)  they  ascended  the  wall  and  made  tlieir  escape.  This  happen- 
ed cuistaiilly  in  the  course  of  three  years." — Phil.  Ed.  1833.  p.  140. 

Innumerable  crustaceous  animals  adhere  to  rocks  and  stones  by  the  sanitj 
principle.  But  it  is  not  the  smaller  iiihaliitaiits  of  either  the  land  or  the 
wa.  as  flics,  spiders,  butterflies,  liees,  &c.  some  of  which  scarcely  weigh 
»  ffrain  ;  or  lizards  and  frogs,  &c.  of  five  or  six  ounces,  which  thus  siistati, 
UiemRclvoB  against  g;Tavity  ;   for  the  enormous  walrus,  that  sometimes  ex 
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ceeds  a  ton  in  weiglit,  is  rurnislicJ  l>y  the  Creator  with  analogous  apparatus 
in  liis  Iiinder  feet ;  aiiJ  thus  climbs  >>y  atmospheric  pressure,  the  glassy  snr- 
faces  of  ice-bcrgs.  How  forcilily  do  these  tjxamples  illustrate  the  intimate 
connection  which  sul)sists  between  the  various  departments  of  Natural  Phi- 
losophy. A  knowledge  of  one  altcays  furnishes  a  key  (whether  it  be  used  or 
not)  to  open  s<inie  of  the  mysteries  of  another.  Thus  a  person  who  under- 
stands the  principle  by  which  water  is  raised  in  a  simple  pump,  can  by  it  ex- 
plain some  of  the  must  surprising  facts  in  the  natural  history'  of  animals; 
and  solve  ])rol)lcnis  respecting  the  motions  and  organs  of  motions  of  nu- 
merous tribes  of  animated  beings,  which  twj  or  three  centuries  ago,  the 
most  enlighli>ned  philoso)>hers  could  not  co.nprehend.  And  with  a  simple 
pump,  he  can  moreover  dtftermine,  as  with  a  barometer,  the  measurement  of 
all  accessible  heights,  and  with  a  degree  of  accuracy  that,  in  some  cases, 
is  deemed  [ireferable  to  geometrical  demonstrations. 

When  two  substances  are  brought  together,  at  some  distance  below  the 
surface  of  water,  and  so  as  to  exclude  it  from  between  them,  they  are 
then  pressed  togollier  with  a  force  greater  than  when  in  the  air,  be- 
cause the  weight  of  the  perpendicular  column  of  water  over  them  is 
then  added  to  that  of  the  atmosphere.  Numerous  examples  of  this  com- 
bined pressure  are  also  to  be  found  in  the  natural  world.  By  it,  various 
species  of  fish  adhere  to  rocks  and  stones  in  the  depths  of  the  sea,  from 
which  they  cannot  be  separated  except  by  tearing  their  bodies  asunder. 
Some  by  means  of  it  attacli  themselves  to  the  bodies  of  others,  and  there- 
by traverse  the  ocean  without  any  ex|>ense  or  exertion  of  their  own,  some- 
what like  dishonest  travelers,  who  elude  the  payment  of  their  fare.  There 
are  several  species  of  fish(?s  known  which  have  a  separate  organ  of  adhe 
sion,  and  there  are  doubtless  many  more  wliich  have  not  yet  come  under 
the  observation  of  man.  The  most  culebnited  is  the  reniora  or  surJting 
fish  of  Dampicr  and  other  navigators.  It  is,  in  size  and  shape,  similar  to 
a  large  whitnig,  except  that  the  head  is  much  flatter.  "  From  the  head  to 
the  middle  of  its  back,  (observes  Danipier)  there  groweth  a  sort  of  flesh  of 
a  hard  gristly  substance,  like  tiiat  of  the  Ihnjtet.  This  exc^esc^^nce  is  of  a 
flat  oval  form,  about  7  or  8  inches  long,  and  5  or  6  broad,  and  rising  about 
half  an  inch  high.  It  is  full  of  small  ridges  witii  which  it  will  fasten  itself 
to  any  thing  that  it  meets  with  in  the  sea.  AVlien  it  is  Itiir  weather  and 
but  little  wind,  they  will  play  about  a  ship,  but  in  blustering  weather,  or 
when  the  sliip  sails  (juick,  they  commonly  fasten  themselves  to  the  ship's 
bottom,  from  whence  neither  the  ship's  motion,  tliough  ix-ver  so  swift,  nor 
the  most  tempestuous  sea  can  remove  them.  They  will  likewise  fasten 
themselves  to  any  bigger  fish,  for  they  never  swim  fast  themselves,  {f  thry 
meet  mtJi  any  th'iiti;  to  carry  tlirm.  I  have  found  them  sticking  to  a  sliark 
after  it  was  hal'd  in  on  deck,  though  a  shark  is  so  strong  and  boisterous  a 
fish,  an<l  throws  about  him  so  vehemently  wh(!n  caught,  and  for  half  an 
hour  togtJther,  that  did  not  the  sucking  fish  stick  at  no  ordinary  rate,  it 
must  needs  be  cast  off  by  so  much  violence.""  They  are  familiar  to  most 
of  our  seamen.  Other  species  have  a  circular  organ  of  adhesion,  consist 
ing  of  numerous  soft  papillte,  and  placed  on  the  thorax,  instead  of  the 
top  of  the  head,  as  in  the  reniora.  In  some  fish  the  ventral _/f7M  arc  united 
and  are  capable  of  adhesion.     In   the  lamprey  the  mouth  contracts  and 

»  Dnnipivr's  Voyajies,  vi.  edit.  1717,  Vol.  i.  W.  and  Vol.  ii,  part  iii,  p.  110.  (u  Ina 
the  plates  ot  Vol.  iii.  is  a  fii^art!  or  one.  Fif;iires  of  tlie  excrescence  or  sucking  part 
of  the  reinora,  and  of  Uic  feet  of  tlie  house-ify,  may  be  seen  in  I)r,  Brewstt  r's  I^ttrn 
on  Natural  Magic. 
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•CD  u  a  sucker ;    \rnile  that  curious  animal  llie  cultlc  fish  secui-es  the  vic> 
tinii  thtt  ful!  into  its  falul  emiiraces  hy  the  suckers  on  its  arnu. 

The  jimiiiglfius  pressure  thai,  at  grcut  ilcptlis,  unites  tlicse  inlinbitants  ol 

the  snto  tiieir  prey,  led  man  to  employ  them  to  hunt  the  sea  for  his  bciioQl 

u  well  as  their  own.     Both  the  retnora  and  luinprey  tribe  have  been  used 

:      ■  :    ,'jiose.    Columbus  when  on  the  coast  ol'  Sl  Domingo  was  greatly 

•;  !•  .  ,.i    .11  l»eholdinsr  the  Indians  of  that  island  fishing  with  them.    "They 

::.-A  n  small  lish,  the  Hal  head  of  which  was  furnished  witli  numerous  suck- 

-rs,  hy  « hich  it  attached    itself  go   firmly  to   any  object  as  to    be-    torn    in 

(li'jces  rather  thor.  abandon  its  hold.    Tying  a  long  siring  to  the  tail,  the  In- 

•liwis  {termitted  it  lo  swim  at  large  :  it  generally  kepi  near  the  surface  till 

it  perceived  its  prey,  when  darting  down   swiftly  it  attached   itself  lo  the 

throat  of  a  fish,  or  to  the  under  shell  of  a.  tortoise,  when  bolli  were  drawn 

up  by  the  fisherman."     Ferdinand  Columbus  saw  a  shark  caught  in   this 

manner.* 

The  same  mode  of  fishing  was  followed  at  Zonguebar,  on  the  eastern 
roost  of  Africa.  The  inhabitants  of  tlie  coast  wiien  fishing  for  turtle, 
•*  take  *  living  sucking  fish  or  ritnoni,  and  faston'ng  a  couple  of  strings  to  it, 
(one  at  the  head  and  the  other  at  the  tail)  they  let  the  sucking  fish  down 
into  the  water  on  the  turtle  ground,  among  tlie  half  grown  or  young  turtle; 
and  when  they  find  ihalthe  fish  hath  fastened  himself  to  the  back  of  u  tur- 
tle, as  ho  will  soon  do,  they  draw  liim  and  the  turtle  up  together.  Thi« 
wav  of  fishing  as  I  have  heard  is  also  used  at  Madagascar."'^ 

The  remora  was  well  known  to  the  ancients.  History  has  preserved 
■  fabulous  account  of  iheir  having  tlie  power  lo  stop  a  vessel  under  sail, 
bv  attaching  themselves  to  her  rudder.  A  Roman  ship  belonging  to  a 
fii.rt,  it  ii  said,  was  thus  arrested,  when  she  "  stoode  slil  as  if  she  had  lieu 
II  anker  no',  stirring  a  wl.it  out  of  her  place."  There  is  another  illustra- 
ti.>r<  of  ll.i  enormous  pecsture  that  fishes  endure  at  great  depths.  The 
small  volume  of  air  that  is  contained  in  the  bladder,  and  by  llie  expansion 
ar.d  totitrnclion  ofwh'cL  tr.ey  ascend  and  descend,  is  at  the  bottom  of  the 
»ca  tnruf-rcsM'd  Lnlo  a  spac*  many  times  smaller  than  wlicn  tiicy  swir.i 
ii*'&'-  the  s'lrlnce.  ( \v  Si  (eel  from  the  surface  it  occupies  but  one  lialf ) 
Henct.  It  Irctpien'iy  occurs  thai  when  such  fish  arc  suihlviili/  drawn  up, 
(dS  the  col  on  the.  banl  s  of  Newfoundland)  the  membrane  bursts,  in  oon- 
M!«|uencc  ol  the  dirr>in'sh('d  pressure,  and  ihc  air  rushing  into  the  abdomen, 
torced  the  intestines  cu'  of  the  mouth.  From  a  similar  cause,  blood  is 
forcod  out  of  the  ears  of  divers,  when  die  bell  lliat  contains  them  is  (juickly 
drawn  up.  This  prts-sure  is  also  evinced  in  the  fact  thai  the  limber  of 
ibuiidered  vtssels  never  ri-ses,  because  llie  pores  become  completely  filled 
with  wator  t>y  ihc  pressure  of  the  superincumbent  moss,  and  the  wood 
•Jn?n  b..<omc!  almost  '  heavy  as  iron.' 

The  pressure  of  the  atmosphere  on  litjyidg  is  equally  obvious.  When 
a  bucket  or  oihcr  vessel  is  sunk  in  water  and  then  raised  in  on  inverted 
noii^n,  the  air  being  excluded  from  aclingon  the  surface  of  the  jjg^iaid 
within,  BtiTTpresses  on  thar without.  soTTmt  the  water  IB  suspended  in  the 
TrnFT;  and  if  the  under  surface  of  the  liquid  could  be  kepi  liv<'l  ^md  at 
rest,  water  tnlgTit  be  Traiisporlt'd  Tri  buckets  thus  turned  up:>iil!-  r!,.\\iirll 
elrectuallv  as  in  t)ie  ordinary  mode  of  conveying  it  " 

The  ex|«?riraent  with  a  goblet  or  tumbler  presents  a  very  neat  illustra- 
tion. One  of  tlicse  filled  with  water,  and  having  a  niece  of  writing  paper 
laid  over  it,  and  held  close  till  the  vessel  be  inverted,  will  retain  the  liquid 

•  |r\  in*-''  Colnuibus,  Vol.  i,  273.    '  Uoinpier's  Vo^'ogu,  Vol.  ii,  purl  i'l.  Id 
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within  It  In  this  experiment  the  paper  merely  preserve«  I  he  liquid  sur- 
face level:  it  remains  perfectly  free  and  loose;  and  so  far  from  being 
close  to  tlie  edge  of  the  gloss,  it  may,  while  the  latter  is  held  in  a  horizon- 
tal position,  be  withdrawn  several  lines  fiom  it  without  the  water  escaping; 
and  it  may  be  pierced  full  of  small  holes  with  the  same  effect 

If  an  inverted  vessel  be  filled  with  any  material  that  excludes  the  air, 
and  whose  specific  gravity  is  greater  than  that  of  water,  when  lowered 
into  the  latter,  the  contents  will  descend  and  be  replaced  by  the  water. 
A  bottle  filled  with  sand,  shot,  &c.  and  inverted  in  water,  will  have  its 
contents  exchanged  for  the  latter.  As  these  substances,  however,  do  nor 
perfectly  _fill  the  vessel,  and  of  course  do  not  exclude  all  the  air,  the 
experiment  succeeds  better  when  the  vessel  contains  heavy  liquids,  as 
mercury,  sulphuric  acid.  Sec.  It  is  said  that  negroes  in  the  West  Indies 
often  insert  the  long  neck  of  a  bottle  filled  with  water,  into  the  bung-hole* 
of  rum  puncheons,  when  the  superior  gravity  of  the  water  (in  this  case) 
descends,  and  is  gradually  replaced  .with  the  lighter  spirit 

In  the  preceding  examples  and  those  in  subsequent  chapters,  it  will  be 
found  that  wherever  a  vacuity  or  partial  vacuum  is  formed,  the  adjacent 
air,  by  the  pressure  above,  rushes  in  and  drives  before  it  the  ol>je::t  that 
intervenes,  until  tlie  void  is  filled.  If  the  nozzle  of  a  pair  of  bellows  be 
closed,  either  by  the  finger  or  by  a  small  valve  opening  outwards  ;  and  a 
•hort  pipe,  the  lower  end  of  which  is  placed  in  water,  be  secured  to  the 
opening  in  the  under  board  which  is  covered  by  the  clapper ;  then  if  the 
bellows  be  opened,  the  pressure  of  the  atmosphere  will  drive  the  water 
up  the  pipe  to  fill  the  enlarged  cavity,  and  by  then  closing  the  boards, 
the  li(juid  will  be  expelled  through  tlie  nozzle.  Bellows  thus  arranged 
become  sucking  or  atmospheric,  and  forcing  pumps.  When  the  orifice  of 
a  syringe  is  inserted  into  a  vessel  of  water  and  the  piston  drawn  up,  the 
air  having  no  way  to  enter  the  vacuity  thus  formed  than  by  the  small 
orifice  under  the  surface  of  the  liquid,  presses  tlie  water  before  it  into  tn« 
body  of  the  syringe. 

As  every  machine  described  in  this  book,  and  most  of  those  in  tlie  next 
one,  both  jjrovcs  and  illustrates  atmospheric  pressure  on  liquids,  we  need 
not  enlarge  further  upon  it  here.  There  are  however  some  other  parti- 
culars relating  to  it,  which  are  necessary  to  be  known :  first,  that  its 
pressure  is  limited ;  and  secondly,  that  it  varies  in  intensity  at  diSbrent 
parts  of  the  earth,  according  to  their  elevation  above  the  surface  of  the  sea. 
These  important  facts  are  clearly  established  in  the  accounts  given  of  tha 
discovery  of  the  air's  pressure,  a  sketch  of  which  can  scarcely  be  out  of 
place  here,  since  it  was  a  pump  that  first  drew  the  attention  of  modem 
philosophers  to  the  subject,  and  which  thereby  became  the  proximate 
cause  of  a  revolution  in  philosophical  research,  that  will  ever  be  co.isi- 
ilered  an  epoch  in  the  history  of  science. 


Okvil 


DiKoi-cry  of  Atmosvherk  Prcstmrt. 


in 


CHAPTER     II. 

tfti<;v«ry  nf  «tmo«pb«rlti  prsyture — Circunir4mac«fl  vlilch  IihJ  io  it — OvIiIqo— Torric^lli  — |ti*9uiinal 
ttMniD'Dt  of  ili«  Uurr— Corilfuiony  rv«|<^LtlM;  lli»  rovulli — PksciiI — Ilia  (Inmolinlratioii  of  rfi..  «iu« 
tt  Jk»  vcral  uf  aBlcr  lu  ftuM|'« — liit'Piitiou  of  tlic  alr-puro)! — llnroiiictKr  and  lit  vurtoui  u(>|iltrutlon»-« 
lll««*llyor»tino«filiAriC  pfv*ium  (tllTtircul  a<  ilifftrrvilt  pBKsnf  llitt  parlll — \  iina<*')[><lgn  uf  tliii  itfxvvtXTJ 
■•  fittap-mkkerv-^l'hu  liiuiu  lo  winch  wmrr  iim)-  i>c  riii*ed  in  ntmosplivrie  puiujtii  iiuowD  to  uijcielit 
VMnp'niAkcrSh 

In  the  year  1G41,  a  pump-maker  of  Florence  made  an  atmospheric,  or 
what  was  called  ii  imkittg  pump,  thf;  pipe  of  which  extended  fi-om  50  to 
00  feet  aljove  tlitf  wntor.  When  put  in  operation,  it  was  of  coiirio  inco- 
pslilc  of  raising  anv  over  32  or  33  feet.  Supposing  this  to  liave  been 
.^crasioned  by  some  celecl  in  tlie  construction,  the  pump  was  carefiillv 
examined,  and  oeins  ibuiui  perfect,  the  operation  was  repeated,  Init  with 
the  Mine  results.  Al'lei  l.uinerous  trials,  the  superintendent  of  the  Grand 
iJuke's  water  worki.  wjccrding  to  wiiose  directions  it  hud  been  made, 
consulted  Galileo,  who  was  a  native  of  the  city,  and  then  resided  in  it. 
Previous  to  this  occurrence,  it  was  universnlly  BU[>p<i8ed  that  water  was 
rmised  in  pumps  by  an  occult  power  in  nature,  which  resisted  with  con- 
siderable force  all  attempts  to  make  a  void,  but  whicli,  when  one  wa» 
made,  used  the  same  force  I o  fill  il,  by  urfjing  the  next  adjoining  substance, 
if*  fluid,  into  the  vacant  space.  Thus  in  pum]>s,  when  the  nir  was  with- 
drawn from  their  upper  part  by  the  '  turkrr,'  nature,  being  thus  violated, 
instantly  forced  water  up  the  pipes.  No  idea  was  enleinained  by  pliilo- 
*jphers  at  this  or  any  preceding  period,  that  we  know  of,  that  this  force 
waa  limtlKil ;  that  it  would  not  as  readily  force  water  up  a  perpentlicular 
lulie.  from  which  tho  air  was  withdrawn,  100  feet  high  as  well  as' 20 — lo 
the  lop  of  a  hiajh  building  ns  well  as  to  that  of  a  low  one. 

When  the  circumstances  attending  the  trial  of  the  pump  at  Florence 
were  placed  liefore  Galileo,  (his  attention  having  probably  never  before 
b«ren  so  closely  directed  to  tlie  subject)  he  could  only  rejily,  that  nature's 
abhorrence  to  a  vacuum  was  limited,  and  that  it  "  ceased  to  operate  above 
the  height  of  32  feet."  This  opinion  given  at  the  moment,  it  is  believed 
was  not  satisfactorj  to  himself;  and  his  attention  having  now  been  roused. 
there  can  lie  no  doubt  tliat  he  would  have  discovered  the  real  cnusc,  had 
he  lived,  especially  as  he  was  then  aware  that  tlie  atmosphere  did  exert  a 
definite  pressure  on  objects  on  the  surface  of  the  earth.  But  at  that  period 
this  illustrious  man  was  totally  blind,  nearly  80  years  of  age,  and  within  a 
fcw  tnonths  of  his  death.  The  discovery  is  however,  in  some  measure, 
due  to  him.  It  has  also  been  s<:ppo$ed  that  he  communicated  his  ideas 
on  the  subject  to  Torricelli,  who  lived  in  liis  family  and  acted  as  his 
amanui.-nsis  duriTg  the  lust  three  months  of  his  life. 

Il  was  in  1643  that  Torricelli  announced  the  great  discovery  that  wa'er 
was  raiwd  in  pumps  by  the  pressure  of  the  air.  This  he  established  by 
verv  sati^fb'-iory  experirticnls.  The  apparatus  in  his  first  one,  was  made 
in  imitation  of  the  Florentine  pump.  He  procured  a  tube  GO  feet  lon<;, 
and  secured  it  in  a  perpendicular  position,  with  its  lower  end  in  water; 
then  having' by  a  syringe  extracted  the  air  at  its  upper  end,  he  found  the 
water  rose  only  32  or  33  feet,  uor  could  he  by  any  etfort  induce   it  la 
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ascend  higher.  He  ihen  reduced  the  length  of  the  piijie  to  40  feet,  without 
any  Ix-Uer  success.  It  now  occurred  to  him,  that  if  it  realty  waa  tlio 
atmosphere  which  supported  this  column  of  water  in  the  pipe,  then,  if  he 
emjiloycd  some  other  licjuid,  the  specific  gravity  of  which,  compared  with 
that  of  water,  was  knoirn,  a  column  of  such  '.itjuid  would  be  sustained  in 
the  lube,  of  a  Inigtii  /irojiortiontd  to  iU  prarily.  This  beautiful  tliought 
he  soon  submitted  to  the  test  of  experiment,  and  by  a  very  neat  and  simple 
apparatus. 

(.Quicksilver  being  14  times  heavier  than  water,  he  selected  it  as  the 
most  suitable,  sines  the  apparattis  would  be  more  manageable;  and  from 
the  small  dimcnsiona  of  the  requisite  tube,  a  syringe  to  exhaust  the  air 
could  be  dis[>eiised  with.  He  llierefore  took  a  glass  lube  about  four  feet 
long,  sealed  at  one  end  and  open  at  the  other.  This  he  completely  filled 
with  quicksilver,  which  of  course  expelled  the  air;  then  placing  his  finger 
on  the  open  end.  he  inverted  the  tube,  and  introduced  the  open  end  below 
the  surface  of  a  quantity  of  mercury  in  an  open  vessel ;  then  moving  the 
tube  into  a  vertical  position,  he  withdrew  his  finger,  when  part  of  the 
mercury  descended  into  the  basin,  leaving  a  vacuum  in  the  upiK'r  part  of 
the  tube,  while  the  rest  was  supported  in  it  at  the  height  of  about  28 
inches,  as  he  had  suspected,  being  one-foarteenlh  of  the  height  of  the 
aqueous  column.  This  simple  and  tniiy  ingenious  ex])eriment  was  fre- 
quently varied  and  repeated,  but  always  with  tlie  same  result,  and  rousl 
have  imparted  to  Tiirricelli  the  most  exquisite  gratification.* 

Accounts  of  Torricelli's  experiments  were  soon  spread  throughout  Eu- 
ro{)e,  and  every  where  caused  an  unparalleled  excitement  among  philoso- 
phers. This  was  natural,  for  his  discovery  prostrated  the  long  clierisbed 
hypothesis  of  nature's  abhorence  of  a  vacuum ;  ami  at  the  same  time,  opened 
unexplored  regions  to  scientific  research.  It  met  however  with  much 
opposition,  particularly  from  the  Jesuits  ;  in  many  of  whom  it  is  said  to 
have  excited  a  ilegree  of  '  horror'  similar  to  that  experienced  by  them  on 
the  publication  of  tialileo's  dialogues  on  the  Ptolemaic  and  Copernican 
systems.  They  and  others  resisted  the  new  doctrine  with  great  perse- 
verance, and  even  endeavored  to  reconcile  the  results  of  the  experiment* 
with  tliey"«^rt  riicui  they  so  long  had  cherished.  It  was  ingeniously  ron- 
tended  liiiit  the  experiment  with  quicksilver  no  more  proved  that  the  force 
which  sustained  it  in  the  tulte  was  the  pressure  of  the  atmosphere,  than  the 
column  of  water  did  in  the  first  experiment;  allowing  this,  it  proved  that 
this  force,  whatever  it  was,  varied  in  its  eft'ecls  on  diflierent  liquid.«,  accord- 
ing to  their  specific  gravity  ;  a  fact  previously  unknown,  and  apparently 
inconsistent  with  nature's  antipathy  to  avoid,  which  might  be  supposed  tn 
produce  the  same  effects  on  all  fluids^to  have  as  great  an  abhorence  to 
mercury  as  to  water. 

During  the  discussion  great  expeclalions  were  entertained  by  the  advo- 
cates fif  the  new  doctrine  from  rorricelli ;  but  unfortunately,  this  philosu- 
fj^LU  '  P^'"'  '''<'<i  suddenly  in  the  midst  of  his  pursuits  and  in  the  very  vigor  of 
^^ 'manhood,  VIZ.  in  hia  39th  year.  This  took  place  in  1647,  The  subject 
was  however  too  interesting,  and  too  Important  in  its  consetjuences,  to  be 
lost  sight  »t.  He  had  opened  a  new  path  into  the  fields  of  science,  and 
philosophers  in  every  part  of  Europe  had  rushed  into  it  with  too  much 
ardor  to  be  stopped  by  his  decease.     Among  tlie  most  eminent  of  tliose 

i      .  'The  nppnnims  eiiijilnycil  In  tlifse  eiperirapnis  WM  not  orii|;ir.i!  wjtii  Toriicelli. 

^tlt^ft^  Tlic  nir  tlifnimiitefcr  olC.  O.'slilili;,  \he  riuiiuiis  .alchemist,  who  died  in  IdL'l,  «uf  of  ihe 
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wti FmmI,  a  French  mathematician  and  divine.     In   1646  he  undcitotik 
U)  terifv  iJio   experiments   of  Torricelli,  and  still  further  to  vary   them. 
He  used  tubes  of  glass  forty  feet  long,  having  one  end   closed  to  avoid 
ti*- use  of  a  syringe.    Refilled  one  wiih  wine  and  another  with  water,  and 
inverted  lliem  into  basins  containing  the  same  li-piids,  after  the  manner  of 
rom'celli's  mercurial  experiment,     As  the  specific  gravity  of  these  liquids 
via  no',  llie  same,  he  anticipated  a  dilTerence  in  the  length  of  the  two  co- 
/iii:in«  ;  and  such  was  the   fact.     The   water   remained  suspended   at  the 
liiT^'Mt  of  thirty -one  feet  one  inch  and  four  lines;  while  the   lighter  wine 
It  thirty-three  feet  three  inches.     Pascal   was  attacked   with   great 
ice  by  Father  Noel,  a  Parisian  Jesuit,  who  resisted  the  new  doctrine 
iiforiatc  zeal,  as  if  it  also  was  heresy,  like  Galileo's  doctrine  of  the 
:  -  motion  round  the  sun. 
After  making  several   experiments,  one   at  length  occurcd   to  Pascal, 
triiicb   he    foresaw  would,  if  successful,  effectually  silence  all  objectors. 
He  r<?asoned  thus  :  If  it  is  really  the  weight  or  pressure  of  the  atmosphere, 
ihat  sustains  water  in  pumps,  and  mercury  in  the  tube,  then,  the  intemity 
rf  this  pressure  will  be  Um  on  the  top  of  a  mountain  than  at   its   foot,  be- 
cause  there  is  a  less  portion  of  air  over  its  summit  than  over  its  base  ;   if  jU. 
therefore  a  column  of  mercury  is  sustained  at   23  or  any  other  number  of  I'    ** 
inches  at  the  base  of  a  very  high  mountain,  this  column  ought  to  diminish 
gradually  as  the  tube  is  carried  up  to  the  top;   whereas,  if  die  atmosphere 
h«s  no  connection  with  the  ascent  of  liquids,  (as  contended)  then  the  mer-  , 
cury  will  r»>main  the  same  at  all  elevations,  at  the  base  as  at  the  siimtnit.  "'*' 
Being  at  Paris,  be  addressed  a  letter  to   his   brother-in-law,  M.   Perrier,^.^  ^y, 
(in  1617)  from  which  the  following  is  an  extract :  "  I  have  thought  of  an 
experiment,  which,  if  it  can  he  executed  with  accuracy,  will  alone  be  suf-      tJ^ ^ 
ficicnt  lo  elucidate  this  subject.     It  is  to  repeat  the  Torricellian  experi- 
ment   several    limes    in   the  same  day,    with   the    same    tube,    and    the 
nine   mercury ;    sometimes    nt   the    ftiot,    sometimes    at   the  summit   of 
■  mountain   five   or  six  hundred     fathoms  in   height.       By    this    means 
we    shall    ascertain    whether   the    mercury  in    the    tube    will  be    at  the 
same  or  a  dilTerent  height  at  each  of  these  stations.     You  perceive  with-  /yLJ 
out  donht  lliat  this  exi>eriment  is  decisive;  for  if  the   column  of  mercury 
l)e  lower  at  the  top  ol  the  hill  than  at  the  base,  as  I  think  it  will,  it  clear- 
ly shows  that  the  pressure  of  the  air  is  the  sole  cause   of  the  suspension 
of  the  mercury  in  the  tube,  and  not  the   horror  of  a  vacuum ;   as  it  is  evi- 
dent there  is  o  longer  column  of  air  at  the   bottom   of  the  hill    than  at  the 
top  ;  but  it  would   be   absurd    to   sujjpose   that  nature  abhors  a  vacuum 
more  at  the  base  than  at  the  summit  of  a  hill.     For  if  the  suspension   of 
Inn  mercury  in  the  tul>e  is  owing  to  the  pressure  of  the   air,  it  is   plain   it 
rnustle_e(jua|  to  a  colurnn_of  air,   wlio.-ic  diameter  is  the  same  with 
tttaiofTKe  mercm-iiiT  column,  and   wTTose  height  is   e(|ual  to  that  of  the 
Mmosp'icre,  from  the  suriacc  of  the  mercury  in  the  basin.     Now  the  bas^ 
remp'^iing  tile  same,  it  is  evident  the  pressure  will  be  in  proportion  to  the 
height  of  iha  nnlumn,  and  that  the  higher  the  column  of  air  is,  the  longer 
will  be  the  column  of  mercury  that  will   be  sustained."     This  cxjierim;^- 
turn  cnuis,  was  niiide  on  llie  10th  September,  1648,  the  year  after  Torri- 
ceili's  death,  on  the  Puy  de  Dome,  near  Clermont,  tlie  highest  mountain  in 
France  ;   and  the  result  was  just  as  Pascnl  had  anticipated.     The  mercury 
fell  in  the  tube  as  M.  Perrier  ascended  with  it  up  the  mountain,  and  when 
he  reached  the  summit  it  was  three  inches  lower  than  when  at  the  bo-se. 
The  experiment   was  repeated    on  different  sides  of  the  mountain,  and 
conlin'iod  by  Perrier  till  16.01,  but  always   with  the  same   results.     Pas- 
cal made   others  on  the  top  of  some  of  the   steeples   in   Paris  ;  and  h^ 
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provrJ  the  game  iTDportniit  truth,  viz.  that  \S\c  preiinire  of  the.  almofijilii'r*'^^ 
was  that  mysterious  power,  which  under  the  nume  of  nature's  al>hor(6nr^^ 
(o  a  vncuum  had  so  long  eluded  the  researches  of  philosophers.     The  sob" 
ject  was  taken  up  in  EnglamI  by  Boyle,  who  pursued   it  with   nnremittcj 
ardor,  and  whose  laliors  have  immortalized  his  name;  hut  it  was  Geitoajiy 
that  bore  off  the  most  valuable  of  the  prizes  which   the  discovery  offered 
to  philosophers.     Tlie  Torricellian  experiment  gave  rise  fo  (Ac  Am  nup; 
anJ  in  iii-'H,  a  Prussian    philosopher,  a   mnthetnaticlan  and   a  maeistratc. 
Otto  Gurrnckc,  of  Magdebiirirh,  made  public  experiments  with  it  at  RAtig- 
bon,  before  the  emperor  of  Germany  and  several  electors.     Sotne  authors 
Bserilic  llie  inicniion  of  tlie  pump  to  Candido  del  Buono,  one  of  the  mem- 
bers of  the  Academic  del  Cimcnto  at  Florence,  and  intitrate  that  the  fint 
essays  with  it  were  only  made  by  Guerricke. 

The  apparatus  of  TorricoUi,  i.  e.  the  glass  tube  and  basin  of  mercury, 
■was  named  a  baro»co[)e,  and  afterwards  a  barometer,  because  it  nwancred 
the  )ire«sure  of  the  atmosphere   at  all  elevations  ;  hence  to  it,  en^neers 
m  all  parts  of  the  earth  may  have  recourse,  to  determine  the  perpendicular] 
length  of  the  pipes  of  atmospheric  pumps. 

Another  application  of  the  barometer  was  the  natural  result  of  Perrier'a 
first  experiment  on  the  Puy  de  Dome.  As  he  ascended  that  mountain 
with  it,  the  mercury  kept  falling  in  exact  pro{>ortion  to  the  elevation  to 
which  the  instrument  was  carriinl ;  hence  it  is  obvious,  that  when  the 
tuht;  is  properly  graduated,  it  will  measure  the  heiglit  of  mountains,  and 
all  other  elevations  to  which  it  can  be  carried.  By  it,  aeronauts  deter- 
mine the  height  to  which  they  ascend  in  balloons.  The  observations  of 
Perricr  were  continueil  daily  from  1G49  to  IfiSl,  during  which  he  per- 
ceived lliat  the  height  of  the  column  sliffhtly  varied  with  the  temperature, 
wind,  ruin,  and  other  circumstances  of  the  atmosphen.- ;  and  hence  the 
•.nstrumcnt  indicated  cha»gcx  of  wruthcr,  and  l)ecame  known  and  is  still 
jscd  as  a  "  ircalhcr  glass."  The  extent  of  these  variations  is  about 
three  inches,  gener.illy  ranging  from  twenty-eight  to  thirty-one,  and  are  ' 
principally  confined  to  the  temperate  zones.  In  tropical  i-cgions,  the 
pressure  is  nearly  uniform,  the  mercury  standing  at  about  thirty  ii>chea 
throughout  the  year.  The.se  facts  have  an  important  liearing  on  our  sub 
ject;  for  an  ntmosphoric  pum])  or  siphon,  with  a  perpendicular  pij>e  thirty 
four  or  thirty-five  feet  long,  might  operate  during  certain  states  of  the  at- 
fnoRp!ii»re,  while  in  others  it  could  not;  and  in  some  parts  of  the  earth  it 
would  be  nltiigcthcr  useless.  i 

It  wiJ!  appear  In  the  seipiel,  that  the  physical  properties  of  the  atmos- 
phere which  we  have  cnimicrated,  must  necessarily  be  understood,  in 
order  pc-fcclly  to  cornpreliend  ihe  action  of  the  machines  we  have  to  de- 
scribe. A»  regards  the  aerial  pressure,  its  limits  and  variation  at  different 
altitudes,  we  need  only  remark,  that  a  sucking  pump  or  a  siphon,  which 
raises  water  thirty-three  feet  in  Xew-Yoik  and  Buenos  Ayres,  London 
and  Calcutta,  iSt.  I'eteriiburgh  and  Port  .lackson  in  New  Holland,  could 
not,  in  the  city  of  Mexico,  elevate  it  over  twenty-two  feet;  and  at  Quito, 
and  SantJi  Fe  de  Bi>gota  in  South  America,  and  Gondar  the  cajiital  of 
Abyi'siiiia  twenty  feel,  on  account  of  the  great  elevation  of  these  cities; 
(from  the  same  cause,  the  pressure  of  the  atmosphere  on  Mnnt  Blanc  is 
only  ahciut  half  that  on  the  plains)  and  if  Condamine  and  Humboldt, 
when  on  the  summit  of  Pinciiiiicha,  bad  applied  one  to  raise  water  there,  or 
on  the  side  of  Anlisana,  at  tlie  spot  where,  from  the  great  rarity  or  tenuity 
ni  the  air,  the  face  of  the  ifilter  philosopher  was  streaming  with  blood,  his 
iltendant  ('aimed,  and  the  whole  party  exhausted,  it  woulu  not  have  raised 
•vatcr  over  twelve  or  fourteen  feel;   (the  mercury  in   the  ba-ometer 
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^'  iourtev-.i  tnche*  seven  lines,)  while  on  the  highest  ridge  of  the  Hiina- 
'*)■«.  It  >voulJ  §ciirccl^'  raise  it  fight  or  ten  K-et.  Without  a  knowledge 
w  tCniil  prosaure,  it  is  obvious,  that  engineers  who  visit  Mexico,  and  the 
upper  rcinone  of  South  America,  &c.  nii^ht  ^el  iulol^  quandary  greatly 
lliure  porjilexing  than  that  in  which  the  Florentine  was,  when  he  applied 
(o  Galileo:  but  we  U-lieve  the  period  has  nearly  gone  by,  for  mechunics 
III  rcinaiii  ignorant  of  lliose  principles  of  science,  upon  whichiiieir  profes 
noiw  »re  bused. 

h  pi-rlijps  may  be  asked,  Were  the  limits  to  which  water  can  be  raised 
hy  the  atmosphere  not  known  before  Galileo's  lime  \  I'ndoubtcJly  they 
ivrri'.  Pump  makers  must  always  have  been  ac^juainled  with  thorn  ;  ai- 
1  philosophers  might  cot  have  noticed  the  fact  or  paid  any  atlentioii 
,«iihjecl.  Why  then  did  the  Italian  artists  make  such  a  one  as  that 
which  we  have  referred  !  Simply  because  they  were  ordered  to  do 
fU  any  mechanic  would  now  do  under  similar  circumstances  :  at  the 
time  they  declared  that  it  would  not  raise  the  water,  although  they 
■M  not  a»ign  any  reason  for  the  assertion.  It  was  indeed  impossible 
•  ancient  pump  makers  to  have  remained  ignorant  of  the  extent  to  which 
tir  machines  were  applicalile.  A  manufacturer  of  them  would  naturally 
;t<tnd  their  application,  as  occasions  occurred,  to  wells  of  every  d('j)lh, 
he  became  familiar  with  the  fact  that  the  power  which  Ciiused  the 
iter  to  ascend,  was  limited — ami  until  he  detected  the  limits.  Afier 
WMi^  n  pump  with  success,  to  raise  water  twenty-five  or  thirty  feet, 
whi.'ii  he  came  to  apply  it  to  wells  of  forty  or  fifty  feet  in  depth  without 
lengthening  the  cylinder,  he  would  necessarily  learn  the  important,  and 
tf  hiin  mysterious  fact,  that  llie  limits  were  tlien  exceeded  :  and  after 
pii)lii»bly  going  through  simdar  examinations  and  consultations,  as  tiiose 
which  took  place  at  Florence  in  the  17th  century,  the  unvarying  result 
Woult;  become  so  firmly  established,  that  every  workman  would  learn  it 
traditionally,  a.<  an  essential  part  o^  his  profession  :  and  if  in  succeeding 
ages,  the  knowledge  of  it  became  lost,  the  experience  of  every  individual 
funip  maker  must  have  soon  taught  him  the  satne  truth.  Attempts  then 
aiiniUr  to  those  of  the  Florentine  engineer  occurred  frequently  before,  but 
leading  to  no  important  result,  the  jmrticulars  of  them  have  not  been  pro- 
served  ;  nor  is  it  probable  that  those  relating  to  the  Italian  e,x[ieriment 
wo--;ld  have  tieen,  nad  not  the  father  of  modern  philosophy  beer  "onsultcd, 
and  Lad  not  h;s  pupil  Torricclli  taken  up  the  subject. 


CHAPTER    III. 

r  t«p*'rimeiiii  on  air— Vnrioiif  appticationf  of  It— Siphoni  u^ed  in  ancient  Cpfpt — Pnmllirt 
rtat-btM  •■ill]  rr9vel»  invrrtcil  in  wnirr — 8u«ppniiioti  oriiquidii  inthrm — Aiinrni  nlMm*phrrtc  spriok- 
tIBir  pot— Wal'^nnc  (tAnlciM  with  tt — Prnlmlily  rcfciml  to  Ity  91.  Pniil  uid  alto  hy  Shrikrvprnrf — (tlaai 
k>>,<rtuklinf  VAMcl,  auil  a  w)d«  untrr  from  I'omprii — Rnliff  ioui  met  or  «priakliDf  pntt  amoii^  llio  onrlnol 
i;4«*iifMi— FtC'iri-  ofoim  frutn  MowUnnritii — Vnitilii — Miracle  ofTutia  cnrryinir  wntnir  in  ■  ainve,  drKrib* 
ro  »od  raplnjR'd — >It*iti>ri)  |M|iitir  H^tcr  and  drvppmr  tuhc»~TricJt  pcrfnnncd  wiili  vanoua  liquid* 
\,j  %  Ctiincac  juicfkr-VarittiiA  fntudt  of  l)io  auciriila  with  iiquid* — OiviDiiig  cupii, 

Notwitlistantling  tlie  alledjiGd  ignornr.ce  of  the  ancienta  respcctine:  the 
S^^5i%\l  properties  of  ihe.atmospfierc,  there  ore  ctrcumatances  related  in 
Iblory  which  seem  to  Indicate  the   reverse  ;  or  wliich,  at  any   rate,  show 


■92 


Ancient  ErperimnU  on  Air. 


"BooK.! 


that  air  wm  a  frequent  subject  of  investigation  witli  ilicir  philosophew, 
and  that  its  influence  in  some  nalui'ul  |)ticnr)meDa  wai  well  understood. 
Thus  Diogenes  of  ApoHonia,  the  disciple  and  successor  of  Anaximenei, 
reasoned  on  its  eondetuation  and  ranfitction.  According  to  Aristf)tle,  Em- 
pedocles  accounted  for  respiration  in  animals  by  the  vright  of  the  air, 
which  said  he,  "  by  its  presmre  insitiuates  itself  with  force  into  the  lungs." 
Plutarch  expresses  in  the  very  same  terms,  the  sentiments  of  Asclepiadei, 
representing  him  among  other  things  as  saying  that  the  external  air.  "  ijf 
its  TcHght,  opened  its  way  with  force  into  the  breast."  Lucretius,  in  ex- 
plaining the  property  of  the  loadstone  in  drawing  iron,  observed  that  it 
repelled  the  intervening  air  betwixt  itself  and  the  iron,  thus  forming  a 
vacuum,  when  the  iron  is  "  pHxIied  on  hy  the  air  behind  it."  Plutarch 
was  of  the  same  opinion.*  Vitruvius  speaks  of  the  pressure  of  air.  Arch. 
•  loolc  viii,  cap.  3.  When  Flaminius,  during  ihe  celebration  of  the  Isthmi- 
»in  games,  proclaimed  liberty  to  the  Greeks,  tlie  shout  which  the  people 
gave  in  the  transport  of  their  jny  was  so  great,  that  some  crows,  which  hap- 
pened to  be  then  flying  over  their  heads,  fell  down  into  the  theatre.  Plu- 
tarch among  other  explanations  of  the  phenomenon,  suggests,  that  the 
"  sound  of  so  many  voices  being  violently  strong,  the  parts  of  the  air  were 
separated  by  it,  and  a  void  left  which  ailrirded  the  biiOs  no  support."* 

But  if  the  ancients  did  not  detect  or  comprehend  the  direct  pressure  of 
the  atmosphere,  they  were  not  ignorant  of  its  cffecis,  or  of  the  means  of 
exciting  it.  They  in  fact  employed  air  in  many  of  incir  devices  as  success- 
fully as  the  moderns.  They  compressed  it  in  air  guns,  and  weighed  it  in 
bladders  ;  its  elasticity  produced  continuous  jets  in  their  fountains  and 
force  pumps,  in  the  same  manner  as  in  ours  ;  by  its  pressure,  tlu?v  raised 
water  in  syringes  and  pumps,  and  transferred  it  through  siphons,  precisely 
as  we  do ;  they  excluded  its  pressure  from  the  upper  surface  of  water 
in  their  sprinkling  pots,  and  admitted  it  to  empty  them,  as  in  the  modem 
liquor  merchant's  tauter.  Tliat  they  had  coni'rming  air  pumps  is  cvideat 
from  the  wind  gun^  of  Ctesiiiius,  as  well  as  others  described  bv  Vitruvius, 
b.  X,  cap.  13  ;  and  it  is  probable  that  they  employed  air  in  numerous  other 
mucbines  and  for  other  purposes,  but  of  which,  from  the  loss  of  their 
writings,  no  account  hns  been  preserved.  See  Vitruvius,  book  x,  cap.  ), 
where  some  are  referred  to,  and  Pliny  Nat.  Hist,  book  xix,  cap.  4. 

It  would  l>e  in  vain  to  attempt  to  discover  the  origin  of  devices  for 
raising  li(|u:di  by  the  pressure  of  the  atmosphere,  for  it  would  require  a 
knowledge  of  man  and  of  the  state  of  the  arts,  in  those  remote  ages  of 
which  no  record  is  extant.  That  machines  for  tJie  purpose  A-ere  made 
long  before  the  commencement  of  history  is  certain,  (i)r  receipt  discov- 
eries have  brojight  to  light  the  highly  i:.teresting  fact,  that  npAons  were 
known  in  Egypt  1450  years  before  our  era,  i.  e.  3290  years  j^o  !  At 
which  period  loo  they  se^m  to  have  been  in  more  common  use  m  that 
country,  than  they  are  at  this  day  vrxxh  us.  [See  Book  V,  for  in  4jcounl 
of  thes(?  instruments.] 

The  retention  of  water  in  inverted  vessels  while  air  is  excluded  from 
them,  could  not  have  escaped  observation  in  the  rudest  ag<!8.  Long  er»- 
iiatunil  plienomena  had  awakened  curiosity  in  the  human  mind,  or  roiiseJ 
the  spirit  of  plitlosophical  inrjuiry  and  research,  it  must  have  been  noticed 
When  a  pr rson  Immersi's  a  bucket  in  a  reservoir  and  raises  it  in  an  in 
verted  position,  he  soon  becomes  sensible  that  it  is  not  the  weight  of  \he 
vessel  merely  which  he  has  to  overcome,  but  also  that  of  the  water  within 

•  I)iit;ii'<  1rir|iiir>-  iniD  ihc  Oririn  nT  the  Discoveries  ntvibuteJ  (otbe  Modernt. 
17fi9  pr  1^.  I'^  -^'■'-    ■■  i^-i'e  »''  Flanunim. 
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;  inj  rot  'ill  the  moui}  emerges  into  air  do  the  cgntenta  rugti  out  and 

tin  b-ckei  alurie in  his  hands.     This  is  one  of  those   circiinislance* 

cim-ed  fior6~or  leiS  ft-p<|uently  to  most  persons  in  every  age.     It 

ooli)  In'  absurd  Ui  sup-j'ose  tliat  the   groups  of  oriental  fL-males   who, 

a.  the  remotest  times,  have  ajjscmbled  twice  a  day  to  visit  the  fountains 

irnvers  for  water,  did  not  often  perform  the  expcriinent,  lioth  incidentally 

'  b^  (lesitrn.     They  could  not  in  fact  plunge  their  water  pots  (which  were 

uftfii  widiDUt  handles;  inl/i  the  gushint;  fount  without  occasionally  repeating 

:;  nor  t  -uld  Androraaclie  and  her  maids  till  buckets  to  water  the  horses 

jfHcctor,  and  daily  charge  pitchers  in  the  stream  for  domestic  uses,  with- 

oul  bc-in^  sometimes  diverted  by  it.     But   the  phenomenon  thus  exhibited 

"■unc.  eocEned  to  such  occasions;  on  the  contrary,  it  constantly  occurred 

ttifierv  dwei!.c.r.     An  ancient  domestic  like  a  modern  housi-tnaid,  could 

liuciv  V,  aslia  cup  or  rinse  a  uoblet  by  imiiiersian,  wlihuut  encountering  it. 

Beiid<?s  llic  vessels  named,  there  were  others  that  formed  part  of  the  or- 

Jiiury  kitchen  fiirniture  of  the  ancients,  (see    figures  of  some  on  page  16) 

liie  daily  \ue  of  which   would   vary    and    illustrate  it.      These  were    long 

iiecketi  aiid  narrow  mouthed   vases  and  bottles,  llmt  retained  liquids  when 

iawrted  like  some  of  our  vials.     Others  were  slill    furllier  contracted    in 

iJie  mouth,  as   tlie  Ampul/a,  which   gave  out  its  contents   only  by  drops. 

To  the  ordinary  use  of  these  vessels  and  to  incidental  experiments   made 

with  them,  may  be  traced  the  origin  of  our Jou/ifain  lamps  and  inkstands, 

bird  fountains,  and  other  similar  applications  of  the  same  principle. 

The  suspension  of  a  liquid  in  inverted  vessels  by  the  atmosphere,  waa 
lher«rore  well  known  to  the  early  inhabitants  of  the  world,  whether 
they  undewlood  the  reason  of  its  suspension  or  not;  and  when  in  subse 
(juvnt  ti/ne»  philosophers  l>egan  to  search  into  causes  and  eflecls,  the  phe- 
nomenon was  well  calculated  to  excite  their  attention,  and  to  lead  them  t^ 
inquiries  res]>ei:tin<;  air  and  a  vacuum  :  it  is  probable  that  it  did  so,  for  the 
earlie-st  experiments  on  these  subjects,  of  which  wo  have  any  accounts, 
were  similar  to  those  domestic  manipulations  to  which  we  have  alluded, 
and  the  principal  instrument  employed  was  simply  a  modification  of  a  gob- 
let inverted  in  water.  This  was  the  atmospheric  '  sjnin/Jimf  j»tt,'  or 
'  watering  siphon.'  which  is  to  o*f«T.  referred  to  by  the  old  pliilosojihers, 
in  their  disputes  on  a  pl^enum  &r.'i  2.  reruum.  It  has  huig  been  obsolete, 
and  not  having  beei.  noticed  !>y  Modern  authors,  few  aeiiernl  readers  are 
aware  that  such  an  instrument  wis  ever  in  use,  much  less  that  it  formed 
part  of  the  philosophical  apparatus  of  the  ancient  world. 

The  interesting  srsocialions  connected  with  it  and  its  modifications  en- 
title it  to  a  place  I'icre.  Indeed  were  there  no  other  reason  for  attempting 
l«  preserve  ;.  a  little  longer  from  oblivion,  than  tiiat  indicated  at  the  close 
of  the  Ijf,  ('ar&grapt:.  we  should  not  feel  justified  in  passing  it  by.  It  is 
tnoreover,  f.T  a-ieht  that  is  known  to  the  contrary,  the  ciir/ifxf  insirument 
employed  .r.  iiyil'o  pneuinalical  researches.  Its  geneml  fonn  and  uses 
may  I'C  gE..i.ered  from  the  remarks  of  Athcnagoras  respecting  it.  This 
pliilosopher,  who  flourislied  in  the  fifth  century,  B.  C  inndo  use  of  it  to 
illustrate  h,s  views  of  a  vacium.  "  This  instrument  (says  In-)  which  is 
nruminatoa  or  pointed  towards  the  top.  end  made  of  clay  or  any  other 
inaterial,  {and  used  as  it  oft^n  \.%s,  '*.>r  the  W4tc-;n^r  ot  gardci"-)  .9,  in  the 
'•o'.toin  ver_\  large  anc  plain  [flati  bat.  fjl;  of  fm<»l'-  holes  like  a  sieve,  but 
al  ihf.  top  lia*  only  ot.e  large  l.t  le."*  When  it  was  pluiigod  in  water,  the 
liquid  entered  through  the  numerous  holes  \n  it:  bottom ;  aftirr  which 
the  single  opening  at  tup  was  closed  by  the  finger  to  excl.ide  the  air;  the 
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vessel  and  its  contents   were   then  raised,  and   the  latter  discharged  k. 
pleasure  by  removing  the  finger. 

Aa  this  was  the  ancient  ganlrn  pot  of  the  Greeks,  Pliny  prohahly  re 
'Isrs  to  it  when  lie  speaks  of  '  sprinkling"  water,  oil,  vinegar,  lie.  on  plant 
and  roots.*  It  appeuri  to  liave  Iteen  continued  in  use  for  such  purpose* 
in  Europe,  tlirotigii  the  middle  ages  ;  and  to  a  limited  extent  up  to  the  ITiii 
and  ISlh  centurie?.''  Figures  of  it  are,  however,  rarely  to  be  met  with, 
for  it  seems  to  have  been  nearly  forgotten  when  the  discovery  of  Torri- 
celli  revived  the  old  discussions  on  a  vacuum;  and  though  Boyle  and  otijers 
then  occasionally  referred  to  it,  few,  we  believe,  gave  its  figure.'  Mont- 
faucon  .Kpeaks  of  examining  an  ancient  'watering  slick,'  and  also  ■ 
'sprinkling  pot,'  but  unfortunately  he  has  not  described  eitlier.^  Of 
a  great  number  of  old  philosophical  works  that 
we  have  examined  for  the  pur])ose  of  obtaining  a 
figure,  we  met  with  it  only  in  Fludd's  works.  Tlio 
annexed  cut  is  from  his  De  Natiirie  .Simia  seu  Tcch- 
tiica  macrocosmi  hlstoria.'  0|)peiilieim,  1618,  p.  473. 
The  mode  of  using  it  is  too  obvious  to  require  expla- 
iinlion.  It  was  pushed  into  water  in  the  position  re- 
presented ;  the  ru|uid  entered  through  the  opening* 
in  the  bottom,  driving  the  airoutttf  the  small  orifice 
at  thetop;  and  when  it  w'as  nlleil,  iTie  pbrs6n  usirig 
it  placecThis  finger  or  thumb  on  the  orifice  and  tlicii 
moved  the  vessel  over  the  plants,  &"c.  he  wished  to 
water  ;  discharging  the  contents  by  raising  the  finger. 

No.  09.     Atii-jritt  WolRril);  VoU 

The  ajjplication  of  tiiis  instrument  as  a  '  garden  pot'  may  sometimes  be 
found  portrayed  in  devices,  rebuses,  vignettes,  5:c.  of  old  printers.  In 
the  title  page  of  GrHlwin's  Annals  of  Henry  Vlll,  El.lwnrd  VI,  and 
Mary,  (a  thin  latin  folio  ptd>li.shed  in  1616)  it  is  represented.  No.  70  is  a 
copy.  1  here  is  a  similar  engraving  on  the  title  page  of  a  volume  on 
farming,  &c,  entitled  '  Maison  Kii^tiijtie,'  triinslated  from  the  French,  and 
puhlishet'  in  London  by  Joiin  Islip,  the  same  year. 
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No.  711.    Walcrinif  planlji  with  th«  Atmoipbertc  Bprlolilijir  Pol, 

Independently  of  the  sprinkling  pot,  the  cut  is  interesting  as  exhibiting 

•  Nut.  IIi«t-  ivii,  11  mill  2-^ ;   xi.v.  12  ;   nnil  xv.  17.     •■  Dictionniilre  De  Trevouj.  .\n 
irrosoir.     '  UnvleV  I*liitn4n[i)iiciil  uorku,  bv  Sliaw,  Loa.  171&.     Vol.  ii,  pp.  Hi)   144 
'  Itnliiin  Uiari.  Lon.  1725  295. 
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liieuicJ?oi  mode  of  transplanting.  It  appears  that  tteo  men  were  gcner- 
I'iv imyu »ed  in  llie  operation  ;  one  to  set  tlie  trees  or  plants,  and  another 
to  HHicrttem;  a  custom  to  which  St.  Paul  alludes  in  1  Cor.  iii,  G — 8. 
Suir,f:.'raes  '  he  that  watered'  used  two  pots  at  the  same  time,  holding  one 
imch  riand.  As  these  vessels  were  not  wholly  disused  in  Shakesjieare's 
li:ne,  il  ;s  prwhalile,  tliat  to  them  he  refers  in  Lear  : 

Wliv.  tliis  wdiilii  iiinke  n  ninii,  ii  niDii  of  inilt,  [tear!<] 

Tu  n«e  Inn  eyes  for  giirilcn  wnlvr  i>ot«.  Act  4,  Seme  G. 

Mixlificatiuns  of  them  were  adapted  to  various  purposes  by  the  anc.ients. 
Tliev  were  used  to  drop  water  on  floors  in  order  to  lay  the  dnsl.  in  both 
(jreek  and  Roman  houses.  Their  general  form  was  that  of  a  pltciier  or 
rue.  and  their  dimensions  varied  with  their  uses.  Some  of  the  small- 
est b*d  but  a  single  hcde  in  the  bottom.  They  formed  part  of  the  ordin- 
ary ttilinarv  apparatus,  and  were  also  used  in  religious  services.  Among 
the  antitiuitics  disinterred  at  Pompeii,  some  have  been  found.  No.  7J 
represents  one  :  it  is  of  glass,  the  upper  part  ol'the  tube  or  neck  is  want 
ing,  having  been  broken  off.  Perhaps  this  part  resembled  the  form  indi- 
cated by  the  dotted  lines  which  we  have  added. 

(7  \  ^-i^^^^    ''''^  been   pronounced    '  a 

'—  '  ^<^^^  wine-taster,   the   air  hav- 

ing been  exhausted  by 
sucking  at  the  small  end.' 
It  is  more  likely  tlmt  the 
wide  part  was  inserted  in- 
to wine  jars  or  amjihoret, 
and  the  cavity  filled  with 
ihatli'i'id  precisely  as  in 
the  sprinkling  pot,  and 
samples  then  withdrawn 
by  closing  he  small  ori- 
fice with  tlie  finger  as  in  the  modern  instrument,  which  is  a.'^ewn  at  No 
7tj,  and  as  in  the  dropping  tube,  one  form  of  which  is  figured  at  No.  77. 
The  general  fnnn  of  No.  72  assimilates  it  to  those  drinking  vessels  of  the 
ancients,  which  they  held  at  n  distance  in  front,  and  directed  thrf  stream 
issuing  from  the  small  en<l  of  the  vessel  into  the  mouth  ;  a  mode  still 
oractised  in  some  parts  c>f  the  -Mediterranean,  and  by  tlje  natives  of  Ceylon, 
Sumatra.  Malabar,  &c. 

One  of  the  most  singular  facts  connected  with  tlie  religious  institutions 
of  the  ancient  heathen,  was  the  extent  to  which  they  carried  the  practice 
of  sprinkling:  almost  every  thing  was  thus  purified;  men,  nnimaJs,  trees, 
water,  houses,  food,  clothing,  carriages,  &c.  In  performing  the  ceremony 
rorious  irnplemwnts  were  used  to  disperse  the  sacred  liquid.  A  wisp 
made  of  horse  hair  attached  to  a  handle  was  common.  A  branch  from 
certain  trees,  and  sometimes  a  small  broom,  wore  used  ;  in  other  cases 
perforafed  vessels  were  employed.  Thus  the  Bramins  in  some  ceremonies 
take  a  vessel  of  water,  and  after  presenting  it  to  the  gods,  they  sprinklw 
the  liquid  with  manguier  leaves,  on  carriajres,  animals,  &c.  it-  others  it  is 
"sprinkled  through  a  cullender  with  a  hundr<'d  lioles  on  he  head  of 
the  father,  mother  and  child."*  The  priests  of  the  ancient  Sc^'dimiviariS 
also  used  a  ves.sel  "prepared  like  a  watering  pot,  w'th  wlurh  tliey 
jprinkli'd  the  altars,  the  pedeelnls  of  their  gods,  and  also  the  men."''     The 

•  Coiiiwmr*  VnynfCK.  Vol.  i,  \'\\  nnil  Vol.  ii,  !)7.  *■  Snnrro's  Hiatory  ur  Siuridiimvin 
"Tie  cJmitiT   iij>on  siierilii-es  in  translated  in  /■flersoiis  '  Bee  '  vol.  xvi,  |i.  !fll.  Cdia 


Ra  71.       Sprinkler  ■ad  Wia*-(ul«r  txitli  frain  r«fBpriL 


196 


Syrmkling  Vessel  Jrom  MoMfJaucom. 


[Book  U 


Jewish  priesU  commonly  used  a  branch  of  hyssop,  but  occasionall/  a 
piece  of  wool,  und  sometimes  llie  fingiTs.  "The  priest  shall  diphismigei 
in  the  oil  and  sprinkle  it."  'I'lio  Greeks  and  Romans  had  not  only  fnunli 
or  vases  of  holy  M'ater  in  iheir  temples  for  the  use  of  worshippers,  who 
dipped  their  finders  into  them,  as  Roman  catholics  and  others  do  at  this 
day  ;  but  on  particular  occasions,  priests  nroMicers  attended  to  purify  the 
people  by  sprinkling.  Tims,  when  the  Eni|HTiir  Julian  visited  the  temple 
at  Antioch,  the  Neocori  stood  on  each  side  of  the  doorway  to  puiify  wiili 
lustral  water  all  who  entered.  Valenliniun,  who  was  afterwards  raised  to 
the  empire,  was  then  captain  of  Julian's  guard,  and  as  such  walked  in 
front.  He  was  then  a  christian,  and  some  of  the  water  having  been 
thrown  upon  him,  he  turned  and  struck  the  priest,  saying,  that  the  water 
rather  polluted  than  purified  ;  at  which  the  emperor  was  80  enraged  that 
he  immediately  hiinished  him. 

Now  whether  the  fingers  or  light  bio.j  ns,  &c.  were  used  on  such  occa- 
sions we  do  not  know  ;  but  there  were  others  at  which  the  former  cer- 
tainly were  not.  Wlien  the  emperors  dined,  not  only  their  persons  and 
table  furniture,  hut  lUofmd  also  was  purilvKl  with  lustral  water.  At  the 
feast  of  Ddjihne  near  Anlioch,  which  lasted  seven  days,  we  lear.-v  lliat 
B  neochorus  stood  by  the  cr.-ijieror's  seat,  and  sprinkled  the  dishes  and 
meats  '  as  usual.'  How  was  this  water  dispersed  ?  Certainly  not  by  the 
fingers  ;  nor  is  it  likelv  that  a  wisp  or  a  broom  was  employed,  since  it 
would  be  dilli<'ult  to  direct  the  small  shower  with  sulKcient  precision  on  the 
•mailer  objects.  We  have  made  these  remarks  for  the  purpose  of  intro- 
ducing the  figure  of  an  ancient  sprinkling  ves- 
sel, from  the  third  volume  of  Montfaucoa's 
Antiquities.  It  was  sufiposed  by  him  to  have 
belonged  to  the  table  or  kitchen,  but  its  spe- 
cific use  he  could  not  conjecture.  It  is  evi- 
dently a  modilicatiou  of  the  atmospheric  gai 
den  pot,  and  it  ap[)ears  admirably  adapted  fo* 
NaTs.  Roman Sprinldiiif  VnM.  dispersing  liijuid  perfumes  or  lustral  water  at 
the  tiible.  The  ring  is  adapted  to  receive  the 
I'orcfinger,  while  the  thumb  could  ch>se  the  small  orifice,  and  thus  the  con- 
tents might  be  retained  or  discharged  at  pleasure. 

Among  other  heathen  customs  that  were  long  retained  in  the  christiar, 
church,  was  this  pi-actice  of  sprin'uling.  Peter  Martyr  exclaims  against  a 
certain  class,  "  who  not  only  consecrate  ternj>les  themselves,  but  also  altars 
■fid  coverings  to  the  altars;  T  niCano  the  table  clothes  and  napkins,  and 
also  the  chalices  and  patins,  the  massing  garmentes,  the  churchyardes,  the 
waxe  candles,  the  frankincense,  tho  pascal  lambc,  eggs,  and  also  holie  wa- 
ter; the  boughes  of  their  palm  trees,  yong  springes,  gross,  pot-hcarbe«, 
and  finally  all  kinds  of  t'ruitcs."  "  They  doe  .tprink/r.  houses,  deade  bodies, 
churchyardes,  eggs,  Hcsh,  pothearbes,  and  garmentes."" 

Of  all  the  transactions  connected  with  heathen  theology,  few  eveJ 
made  a  greater  noise  in  ancient  Rome  than  one  that  is  connecteo  with  thii 
part  of  our  subject;  viz.  the  miriidc  by  which  Tutia  the  vestal  saved  her 
life.  It  was  a  religions  custom  among  all  the  nations  of  old,  to  keep  *a- 
vedjire  in  the  temples  of  their  deities.  In  some,  lamps  were  kej>t  burning, 
in  others  fuel  kindled  on  the  altars.  In  the  temples  of  Jujiiter-Am- 
mon,  Apollo,  Minerva,  and  some  other  deities  were  lamps  constantly 
burning.  The  Israelites  were  In  cause  the  lamps  to  "  burn  continually," 
besides  which,  "the  fire   shall   ever  be   burning  upon   the  altar:  it  shall 


•  Comiuon  Places,  part  iv,  cap.  9. 
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r.cvf.-KO  out."     Levit.  vl,  13.     The  practice  is  still  kept  up  by  the  .rowt 

•ndoJsyby  Roman  catliolics.     Thi;  origin  of  the  custom  i«  iinktiowii;   but 

li(pj(>ws,  Persians,  Gri'eks,  &c.  are  generally  sujiposed  to  Imve  dcriveil  it 

fr^in  tilt  E£::>'ptian8.      Ujion  the  consecration  of  a  lemple,  this  '  holy    fire' 

»u  Hill  ulitiiineil  trnm  ordinary  sources,  i.  e.  from  other  fires,  Imt  was  pro 

■iucfj  by  the  rubbing  of  ivi-o  sticks   togellier ;   or,    according-  lo  Pliitiirch, 

*«  drawn  directly  (rom  the  sun.      "If  it  happen  (he  observes  in  his  l^ife 

of  .Vun>»)  by  any  accident  to  be  put  out,  as   tlie   sacred    lamp   is   said   to 

lijve  licen  at  Athens,    under  the  tyranny   of  A  rial  ion — at   Delphi,   when 

liie  temple  was  burned  by  the  Medes — and  at  Rome  m  the  Milhridatic,  as 

tiso  ill  the  civil   war,  when   not  only  the  fire  was  extincruished    but   the 

•liar  itself  overturned — it  is  not  to  l;e  lighted  ajpiin  from  another  fire,  but 

irw  fire  is  to  be  gained  by  drawing  a  pure  and   unpolluted   fiainc   from 

iJie   boaius  of  tJie  sun.     This  is  done   generally  with   concave   vessels  of 

brass." 

Among  the  Romftiis  a  certain  number  of  virgins  were  consecrated  will" 
joleraii  ceremonies  to  the  Goddess  Vesta.  They  were  nan:eil  vestals, 
«»•!  it  was  their  peculiar  duty  to  lake  charge  of  the  «acrpd  fire.  They 
Were  greatly  honored  for  their  purity  and  the  imporlancc  of  their  oftlce. 
"  VV^bal  is  ther«  in  Rome,  (exclaimed  Tiberius  Gra<:'hus  in  his  address  to 
the  pi'ople)  so  sacred  and  vct¥?rable  as  the  vestal  virgms  who  keep  the 
ptrjiotuiil  fire  ?"  The  most  valuable  and  sacred  depnsites  were  often 
placed  in  their  hands  for  security.  The  wills  of  rich  Romans  svere 
•ometimes  committed  to  their  care;  hence  we  read  of  Augu'ilus 
forcing  from  tliem  that  of  Antony,  while  the  latter  was  in  Kgypt.  The 
vestals  enjoyed  many  privileges;  among  others,  when  they  went  abr^ad. 
the  f.<3ces  (emblems  of  authority)  were  carried  by  a  lictor  before  them  ; 
•ml  it  was  death  for  any  one  to  go  under  the  litter  or  chair  in  which  they 
w«ro  carried  ;  and  if  they  met  a  criminal  going  lo  exocution,  his  life  was 
•|wriHi.  The  vestal  dau;;hler  of  Appius  Claudius  protected  him  from 
tiving  arrested  by  the  Tribunes.  On  tlie  other  hand,  they  were  punished 
with  extreme  rigor  if  found  to  have  broken  any  of  ihi'ir  vows.  To  |>er- 
tiiit  th«  iM'rjieliial  or  holy  fire  to  go  out  was  an  unpardonable  act,  fi>r  it 
was  't)elieved  to  lietokeii  some  national  calaniity,  and  if  one  was  fouiul 
euilty  of  unchnstity  she  was  buried  alive.  "  The  criminal  (*ays  Plutarch) 
l«  carried  to  punishment  through  the  forum  in  a  litter,  well  covered  with- 
our,  and  bound  up  in  such  a  manner  that  her  cries  cannot  be  heard.  The 
pf-ople  silently  make  way  for  the  lilti?r  and  follow  it  with  marks  of  ex- 
treme sorrow  and  di-Jection.  There  is  no  spectacle  more  dreadful  than 
this,  nor  any  day  which  tlie  city  spends  in  a  more  melancholy  manner. 
When  tlie  litter  comes  to  the  jdace  appointed  the  ollicers  loose  the  cords, 
iho  hich  priest  with  hands  lifted  up  towards  heaven  offers  some  private 
IWHVcrs  just  before  the  fatal  minute;  then  takes  out  tlie  prisoner,  who  is 
ctivered  wiUi  a  veil,  ami  places  her  upon  the  steps  which  lead  down  into 
ihc  cefl,  [grave ;]  alter  this  he  retires  with  the  rest  of  the  priests,  and  when 
•he  is  sroiie  down,  the  steps  are  taken  away  and  the  cell  is  covered  with 
mrth,  so  that  the  place  is  made  level  with  iho  rest  of  the  mount."  [Life 
of  Numa,  Langhorne's  Trans.] 

Tutia,  wlio  was  accused  of  incontinence,  in  order  to  avoid  the  horrid  pen- 
alty, passionately  called,  or  atrected  so  to  call,  upon  the  goddess  Vksta, 
lo  cstablirh  III/  a  mirarlr  her  innocence.  "  Enable  me  (slic  cried)  to  tike 
a  SIKVK  full  of  water  from  the  Tyber,  and  to  carry  it  full  to  thy  lemple." 
(Jpoii  this  appeal  her  trial  was  stayed,  and  it  was  left  to  the  deity  she 
lutd  Jiiv<  ked.  to  save  her  or  not;  for  such  a  proof  of  the  falsehood  of  her 
aui»»vr»    could    not,  if   it  sltould    lake  place,   be    resisted.      Tlie    result 
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wai  «lie  cuccveded  in  carrying  the  water,  and  thereby  not  only  iiaved  hw 
lite,  lull  greatly  increased  her  reputation  for  sanctity.  From  the  irope> 
feet  accounts  of  the  transaction  that  have  reached 
us,  it  may  [lerhaps  be  deemed  presumptuous  to 
decide  on  its  real  character.  That  it  actually  oc- 
curred tlii-re  can  be  no  d/iubt.  It  is  incorporated 
with  lii.tli  the  history  and  the  arts  of  the  Komaos. 
It  is  mentioned  by  Valerius  Maximus,  by  Pliny 
and  Livy :  representations  of  Tutia  carrying  the 
sieve  were  al.so  emlwdied  in  sculptures,  in  statues, 
and  encraved  on  gems.  The  annexed  figure  was 
copied  from  «me  of  the  latter.  It  is  from  the  first 
volume  of  Montfaucon's  Antiquities,  Plate  28. 

As  the  feat  therefore  was  certainly  performed, 
it  must  have  been  either  by  natural  or  by  superna- 
tural means.  Some  writers  have  admitted,  and  St 
Augustine  among  them,  that  the  miracle  was  a  ge- 
nuine one ;  but  there  are  circumstances  sullicienc 
to  show  that  the  whole  was  a  well  conceived  and 
neatly  executed  trick,  on  the  part  of  Tutia  and  her 
friends;  and  further,  that  it  was  a  much  more 
simple  one,  than  other  deceptions  to  which  the  heathen  priests  some- 
times liad  recourse.  It  possesses  considerable  interest  however  as  fur- 
iiisliing  another  specimen  of  their  proficiency  in  scientific  juggling  and 
natural  magic.  To  say  nothing  of  the  absurdity  of  admitting  a  divine 
interposition,  in  answer  to  invocations  addressed  to  a  heathen  goddess — 
and  of  the  improbability  of  Tutia  being  condemned  while  innocent;  there 
certainly  was  something  suspicious  in  her  undertaking  to  select  the /t-*/  for 
the  goddess,  and  esjx'cially  such  a  one  as  that  of  carrying'  water  in  a 
sieve.  Instead  of  asking  ti>r  a  sign  by  water,  it  would  have  l>een  more 
aoprripriate  and  more  natural  in  her  (if  sincere)  to  have  prayed  for  one  by 
fire — liy  that  element  which  was  the  symln)!  of  the  deity  she  invokeil,  and 
which  it  was  her  peculiar  duty  to  attend  at  the  altar  and  preserve  pure — 
the  trlenient  too,  which,  if  the  accusation  was  true,  she  had  polluted  :  l»e- 
sides,  a  token  by  fire  was  always  considered  bv  the  heathen  as  the  strong- 
est evidence  of  divine  approbation.  What  prompted  her  then  to  mention 
tire  test  of  the  sieve  ]  Doubtless  because  the  device  by  which  it  was  tc 
be  performed  was  already  matured;  not  by  the  assistance  of  Vesta,  but 
by  a  \ery  simple  contrivance  furnished  her  by  the  priests,  from  their  stoies 
of  phiIf>sophical  and  other  apparatus  with  which  they  wrought  their  won- 
ders before  the  people. 

The  contrivance  was,  we  presume,  a  modification 
of  the  ancient  sprinkling  pot,  just  described.  The 
sieve  she  employed  would  therefore  be  a  double 
one  ;  that  is,  its  bottom  and  sides  were  hollow,  the 
,.J55(|  exterior  bottom  only  being  perforated,  as  in  the  an- 
'■■X\n\  nexod  cut,  which  represents  a  double  metallic  vessel, 
liij'.  ■  the  inner  one  being  capable  of  holding  water,  and 
the  upper  edges  of  both  united  and  made  ijerfectly 
i.<.nor'iuiiu-..io»..  air  tight,  with  the  exception  ot  one  or  p<;rhaps  two 
small  openings  shown  on  the  edge  in  the  figure. 
Ttiiis  when  such  a  sieve  was  pressed  slowly  under  water,  tlie  liquid  would 
enter  throuijh  the  perforated  bottom,  drive  the  air  before  it,  and  fill  tfaa 
cavity  ;  and  when  the  upper  part  was  sunk  below  the  surface,  the  upper  oi 
i)|f  nrent  sieve  would  also  be  filled.     Then  by  covering  the  tmall  ajunimg 
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M  ikt  tliumli,  tlie  vessel  might  1>e  raised  out  of  the  river,  the  watei 
in  ilji^  cavity  being  suspended  precisely  us  in  Nos.  69  iiiiil  70,  so 
liiW  Tmia  mig^ht  return  with  It  to  the  temple,  and  on  app-onching  tlie 
ullnr,  li_v  imperceptibly  slidinjf  her  thumb  to  (me  side,  the  nir  would  enter 
tkd  fipcnincr  thus  expose!,  and  the  coiilenis  of  the  cavity  would  descend 
umliftwcr,  to  the  amazement  of  the  spectators  and  to  the  confusion  of 
fcwidversarioj.  With  such  an  instrument  she  iniglil  go  with  thiit  confi- 
(irnw  to  the  trial,  which  she  is  represented  to  have  felt,  heiiiij  fully  con- 
»iBceii  of  success.     While  she  was  in  the  act   of  carrying  the   water,  the 

rcwtors  would  Ik?  unable  to  detect  the  slightest  imposition,  or  if,  from 
elevation  at  which  she  seems  to  have  borne  it.  the  bottom  of  the  sieve 
««f  e.xpowd,  it  would  be  more  likely  to  confirm  them  in  the  belief  of  the 
Biinu'le,  as  her  movementa   would  cause  the   suspended   water  to  appear 
•ttlie  openings ;   but  it  is  more  probable  that  they  were  kejit  at  too  great  a 
(luL-iiice  by  the  managers  of  the  farce,  to  alford    them    any  opportunity  of 
ejHTiising  an  undue  curiosity.     And  when  the   trial   was  over,  the  sieve 
'be  secured  l>y  those  in  the  secret,  who  would  have   one  similar  in 
•uice  ready  for  examination  whenever  reifuired. 
Few  devices  are  better  adapted  to  demonstrate  the  suspension  of  water 
by  the  atmosphere,  than  those  little  instruments   which  chemists  anil    deal- 
ers ii)  ardfnt  spirit   use,    to  examine    their   various   licjuids.      Those  of  the 
fonner  are  named  '  dropping  tubes,'  from  the  small  ipianlities  thry  are  de- 
sifrned    t"   take  up,  and   the    latter  '  liipior  tasters:'   both   are 

in  substantially  the  same,  for  they  differ  merely  in  li>rm  and  di- 
^  II  mensiiins.  Some  curious  experiments  may  Im?  made  with  them, 
i^  Jl  Kor  example,  a  series  of  iiijuids  similar  in  appearance  but 
['  {  \  ililferins;  I'rom  each  other  in  sjiecific  gravity,  and  such  ua  do 
I  V  J  not  readily  mix,  may  be  placed  in  a  glass  or  oilier  vessel,  so 
ir  as  to  loriTi  se()!irute  layers,  the  lieaviest  at  the  bottom,  and  iho 
I  lightest  reposing  on  the  to[>.  An  expert  manijiuliilor  may 
I  ibi'ii  by  a  luster  (No.  7G)  withdraw  a  portion  of  each,  and 
_  present  to  the  4'Xumiiiiition  of  his  audience  from  the  same  ve» 
Li-juof  Tisiir  sel,  *iitnples  ofditVereiit  wines,  ardent  sjjirits,  water,  ice..  Thero 
„       •"'_  ,     is  reason  to  believe  that  the  aii'-ient  professors  of  leijerdemnin 
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wen'  well  acouainled  with  such  tleviceg.  11  is  possiole  tliul 
flip  trick  p»-rforiiied  by  a  Chinese  juggler  before  the  Russian  embassy  at 
P«"kin,  in  the  last  century,  was  of  the  kind.  It  is  thus  describea  oy  Mr. 
IVll:  "The  roof  of  the  room  where  we  siit  was  sujipotted  by  wooden 
pillsm.  The  jugirler  took  a  gitnblet.  with  which  lie  bored  one  of  the  pil- 
InfA  mid  Hsked  whether  we  chose  red  i>r  white  wine  t  'I'he  cpiestiou  being 
answereil,  he  piilliMl  out  the  gimblet  and  pill  a  i|iiill  in  the  hri|i>,  llirnu!;h 
whicJi  ran  as  from  a  cask  the  wine  demniided.  Alter  the  same  manner  he 
extracted  several  sorts  of  licpjors,  all  which  1  had  the  curiosity  to  taste, 
■  lid  fouml  them  good  of  the  kinds."      Hell's  Travels,   l/on.  17(j|,  vtd.  ii,  28. 

J'»'ter  Martyr  speaks  of  old  jiigirlers  that  "  devoure  bread,  and  imme- 
diately spit  out  meale;  and  when  they  have  ilrootike  wine,  they  seem  pres- 
enilis to  jioure  the  same  out  of  the  midst  of  their  forehed." 

Then?  are  numerous  intimulinns  in  history  that  hydrodynamics  was  one 
of  the  most  fruitful  sources  of  scientific  imposture,  to  which  ancient  magi- 
ri:iimhad  recourse.  Hcsidesthe  sieve  of  Tutla,  the  nip  of  Tanlalus,  and  the 
Divining  cup.  there  were  "the  marvellous  fountain,  which  I'liny  describes, 
n  llie  island  of  Andros,  which  iliscliarsjed  wine  f<  r  si-veii  days  and  wale' 
iliiriiiif  the  rest  of  the  vear — the  sjiritig  of  oil  whii  h  broke  out  in  Rume 
to  welcome  the  return  of  Augustus  from  the  Sii-ilian  war — the  liireij 
rinpiy  urns  that  filled  tliemselvcs  with  wine  at  the  annual  feast  of  Bacchai 
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in  the  city  of  Ellist — the  glass  tomb  of  Belus  which  was  full  of  oil,  oiid 
which  wlien  oiico  emptied  Ijy  Xerxes  couiJ  not  again  be  filled- -the  weep- 
ing statues,  and  the  perpetual  lamps; — all  the  obvious  effects  cI  the  equi 
librium  and  pressure  of  fluids." 

The  CH|>  of  Tantalus  will  be  ound  described  in  the  Chapter  on  Si 
phons  in  jjook  V.  Divining  cups  may  be  noticed  here,  as  there  is  reason 
to  believe  that  water  was  suspended  in  some  of  them  by  atmosplieric 
pressure;  while  in  others,  sounds  were  produced  by  the  expulsion  of 
air  through  secret  cavities  formed  within  fliem.  Divination  by  wattT  has 
prevailed  from  immemorial  time,  and  in  the  eastern  world,  has  been  prac- 
tised in  a  great  varii^ty  of  ways.  Sometimes  the  intjuirers  into  futurity 
performed  the  requisite  ceremonies  themselves,  and  ivith  ordinary  instru- 
ments, as  when  a  mirror  or  looking-glass  was  used ;  (see  page  34)  at 
other  times  professional  sorcerers  were  employe<l.  These  men,  as  a  mat- 
ter of  course,  provided  their  own  apparatus,  and  hence  had  every  oppor- 
tunity in  its  construction  of  concealing  within  some  part,  the  device  upon 
which  their  deceptions  turned. 

Of  all  the  implements  connected  with  Hydromancy,  cuPS  are  the  most 
interesting.  Tlu-y  are  among  tin;  earliest  that  history  has  mentioned, 
(Genesis,  xliv,  5,)  and  they  have  longer  retained  a  ]>lacc  in  the  conjurer's 
budget  than  any  other.  Tlmy  were  used  by  astrologers  of  Europe  during 
tlie  middle  ages,  and  are  not  yet  wholly  abandoned  in  that  part  of  the 
world.  Like  all  devici.'S  of  the  old  mi»gicians,  ingenuity  seems  to  have 
been  exhausted  in  their  formati<m  and  in  adapting  them  to  diftercnt  spe- 
cies of  Jugglery.  They  were  of  various  materials;  while  some  were  of 
silver  like  Joseph's,  olliers  were  of  wood,  glass,  stone,  &c.  according  to 
the  nature  of  the  trick  to  be  perl"«>rnied  by  them.  Sometimes  pr»?sages 
were  drawn  from  oitserving  the  li<|uid  through  the  sitlvf  of  the  ctip;  for 
this  p'trposi'  it  wtis  ina<le  of  a  translucent  material;  but  then  one  side  was 
left  thill;  while  the  others  were  thin,  so  that  the  contents  were  invisible 
through  the  liirnu'r,  but  (juite  plain  through  the  latter.  The  indications 
were  considered  favorable  when  the  lujuid  was  clear  and  distinctly  seen, 
and  uiiliiviirable  if  the  int]uirer  could  not  perceive  it — thus  cither  side 
was  presented  l)y  the  conjurer  as  best  suited  his  views.  The  same  trick 
is  still  j)er((irmeil  in  some  of  tlie  churches  in  Italj  ;  one  side  of  the  goblet 
or  glass  is  made  opaque,  while  tlie  other  is  trans|>arent.  With  other  cups 
It  was  the  motion  or  as^ilation  of  the  ru|uid  that  was  looked  for :  if  it  re 
maiiuid  at  rest,  the  omen  was  bad — if  violently  moved,  good.  This  kind 
of  divination  most  likely  depended  on  legerdemain  or  'sleight  of  hand,' 
in  dropping  unpcrceived  some  substance  into  the  ve.-isel  that  produced  ef- 
fervescence— or  by  oj)ening  a  secret  communication  with  a  cavity  in  the 
stem  or  base  of  the  vessel,  containing  a  liquid  that  had  a  similar  effect.  In 
Japan  it  is  common  to  place  a  ])ot  of  water  on  the  ht-ad ;  if  the  liquid 
boil  ovec,  the  presage  is  good,  "but  if  it  stirs  not,  bad  luck."»  Among 
the  prodigies  mentioned  by  Herodotus,  is  one  ol"  this  kind  :  the  flesh  of 
a  victim  sacrificed  during  the  Olympic  games,  was  placed  in  brazen  caul 
drons,  an<l  "  the  water  boiled  u|i  and  overflowed  without  the  intervention 
of  fire,"  (B.  i,  .09.)  The  en,erahl  cup,  by  which  the  priests  of  Menu 
deluded  people  in  the  dark  ages,  V)el(uigs  to  the  same  class.  On  certain 
days,  two  or  three  extremely  miiujt.e  fishes  were  secretly  put  in,  and  liy 
their  motions  iti  the  water  produced  such  an  effect  that  the  people  wore 
persuaded  "  the  cup  was  alive."'' 

•  Muntniiii!>'  Japan,  IrHiixInted  by  O^ilhy.  Lon.  IHTO.  p.  123. 

^Misaju'M  TraveU,  vol.  i,  93.    &ea  also  Mureri's  Diet.  vol.  iv,  .\rt.  An^ry. 
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TLo  ilWinwg  cupa  nf  the  Assyrians  and  Chaldeans  ajjppKr,   from  iin- 
Vct  .iccounts  of  them  extant,  to  have  l«;en  more  artifiuiully  contrived. 
i;i.  r.ne  was  used,  it  was  fillcil  with  wiiler,  a  piece  of  silver  or  a  jewel 
ring  certain   characters  engraved   on   it  was   thrown  in;  the   conjurer 
irmnored  »nme  words  of  adjuration,  when  the  demon  tlius  addressed, 
I  saiii,  "whUtlrd  the  answer  from  the  bottom  of  the  cup."      These  ve»- 
I  wcrp  prodaljly  so  contrived,  that  the  water  might  ••ompress  air  con- 
ed in  some  cavity  in  the  base,  and  force  it  'hrough  the  ordico  of  a  mi 
\  feed  or  whistle,  as  in  the  musical  bottles  of  Peru.      As  .Iidius  Cyre- 
V9  such  cur.*  were  also  used  by  the  Egyptians,  it  is  possible   'imt  it 
e  of  tbem  ty  which  Joseph  divined,  or  iiH'ectcd  through   poliiL-y  to 
tie.     Divinalif/n  by  the  cup  is  still  practiced  in  Japan. 
,  is   well   known  that  the  jugglers  of  Asia  have  always  been   uijri- 
(d.     Even  in  modern  time»,  some  of  their  tricks  are  beautiful  iipplica- 
o^  science,  and  are  so  neatly  perfijrnipd  as   to  baffle   the   most  saga 
i  of  observers.     A  full  account  of  them  would  go  far  to   explam  all 
Jfttiriufrt  which  ancient  authors  have  mentioned,  and  would  afford  some 
iuus  information  respecting  the  secret^  nf  ancient  temples. 


CHAPTER    IV. 


WMBs  InpMvlblg  l«  nix  liquldt  by  tliol  which  l>  M  nllril— AcIioD  of  tlit  mBKln  oi  Ihr  Aioni 

ilM0f*M  In  9mtkim£  (Kpliuiifil — Two  kiiHU  nr»urlii>u — Why  thn  trrni  Uconliniifd — Surhinir  poiac' 

Ai1»~-Cuppiuf  BUil  cuiipiML'-hirriii — Iiijrr'iliKty  of  A  rnreti— 4'iicktng  tubes  on^'lnjl  ittlitotpherk 

— T^o  Sjiiiifiiuuchnllu— rrruvlMii  imMlf*  tirukinu  l«'ii,  by  lurkinc  It  Ihrousli  tuhf*»— Kt.f1iM:ti(m*  on 

r  •ppUcACion  of  Mich  lulfvm  »ugt'*'*l^''J — KKpluialtuii  of  ut  anitifuout  pro\erl>lul  fX|>rc»iiuli. 

Air  is  expelled  from  such  vessels  as  are  Ggiired  in  the  last  chapter  by 
■fapsting  them  into  a  liipiid,  which  entering  at  the  bottom,  drives  nut  as 
^^■■I'S  the  lighter  Hun!  nt  the  top.  In  the  apparatus  now  to  be  described, 
^^p  withdrawn  in  a  ditlerent  manner.  The  vessels  are  not  lowered  into 
^^■cr,  but  the  latter  is  forced  up  into  them.  The  operation  by  which  this 
^Hccomolished  was  formerly  named  auction,  from  an  erroneous  idea  that 
^B^us  effected  by  some  power  or  faculty  of  the  mouth,  independently  of 
any  other  influence.  A  simple  experiment  will  convince  any  one  that  the 
tllest  particle  of  liquid  cannot  be  so  raised  : — fill  a  common  flask  or 
^11  Itottle  within  a  quarter  of  an  inch  of  the  top  of  the  neck,  and  place 
"  a  fH-'rpetidicular  position;  then  let  a  person  apply  his  momh  over  the 
i-u,  .ind  he  may  suck  forever  without  tasting  the  contents ;  the  veriest  " 
sr  of  ardent  spirits  would  die  in  despair  ere  he  could  thus  partake  of 
ivtirilc  lii|Uor  •  and  the  exhausted  traveler  could  never  moisten  his 
ished  throat,  although  the  liquid,  as  in  the  case  of  Tantalus,  was  at 
tlips. 

As  remarked  in  a  previous  chapter,  llie   error  was  not  exploded   till 

■icelli  and  Pasciil's  experiments   proved   that  water  is  not   raised   in 

kps  by  suction,  o-  any  kind   of  attraction,   but   by  puhiun   from    aerial 

sure.     Suction  I'lerefore,  or  that  which  wan  so  called,  merely  n-moves 

uhitacle  |air]  to  a  licjuid's  ascent — it  does  not  raise  it,  nor  even    aid   in 

ffcc*  of  raising  it.     In  other  words,  it  is  simpLy  that  action  of  the   mus- 

I  of  U>e  thorax  and  abdomen  which  enlarges  the  capacity  of  the  lungs 
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and  chest,  so  tiat  air  within  tlieni  hvcomcs  rarefieJ  oru  consetjiienily  nr 
longer  in  equilibrium  with  that  wiiliout — hence  when  in  this  state  a  com- 
munication is  opened  between  them  and  a  liquid,  the  weight  of  the  iitnio»- 
phere  resting  upon  the  latter  necessardy  drives  it  into  the  mouth  ;  iis  for 
example,  when  a  person  drinks  water  from  a  tumbler  or  tea  I'rora  a  cap. 
How  siiignl.'Lr  that  the  rationale  of  taking  liquids  into  the  stomach  Wfis  nut 
understood  till  the  I7th  century — that  so  simple  an  operation  and  one  iti- 
cessantly  occurring,  should  have  remained  unexplained  through  alt  prr- 
vinus  time  ! 

Two  kinds  of  suction  have  been  mentioned  by  some  writers,  but  the  prin- 
ciple of  both  \i  the  same  :  one,  the  action  of  the  chest  just  mentioned— iha 
other,  that  of  the  mouth  alone;  viz.  by  lowering  the  under  jaw  while  the 
lips  are  closed,  and  at  the  same  time  contracting  and  drawing  the  tongue 
back  towards  the  ihront.  There  is  this  difference  Iw-tween  them  •  the 
former  can  he  perfot-nied  only  in  the  intervals  of  respiration,  while  the 
latter  may  be  continuous,  sitice  breathing  can  be  ke|)t  up  tiirough  the  tios- 
trils.  One  has  been  named  supping,  the  other  sucking.  The  term  'sucker,' 
commonly  ajiplieJ  to  llie  piston  of  atmospheric  pumps,  arose  from  it* 
acting  as  a  substitute  for  the  mouth.  With  this  e.\planation  of  tlie  termi 
suction,  sucking,  &c.  we  sliall  occasionally  use  them,  in  accordance  with 
general  custom,  for  want  of  substitutes  etjually  popular. 

Infants  and  the  young  of  all  mammals  not  only  practice  tucking  till  they 
quit  their  mother's  breasts  for  solid  food,  but  most  of  them  continue  the 
practice  thi  ugh  life  when  quenching  their  thirst:  of  this  man  is  an  ex- 
ample, for  It  is  by  sucking  that  w^e  receive  liquids  into  the  stomach, 
wheflier  we  plunge  our  lips  into  a  running  stream,  receive  wine  from 
a  goblet,  or  soup  from  a  spoon.  As  the  origin  of  artificial  devices 
for  raising  liquids  by  atmospheric  pressure  may  be  traced  to  this  natural 
operation,  some  other  examples  may  be  mentioned.  Of  these,  suckinj* 
poison  from  wounds  is  one.  This  has  been  [iracliced  from  unknown  an- 
tiquity. Job,  speaks  ofsuckin^j  the  poison  of  asps — At  the  siege  of  Troy, 
Muclmon  'suck'd  forth  the  blood'  from  the  wounds  of  Menehius;  ntul  the 
women  <imong  the  ancient  Germans  were  celebrated  for  thus  healing  their 
wonniled  sons  and  husbands.  The  serious  consequences  that  often  at- 
tended tlie  custom,  led  at  an  early  period  to  the  introduction  of  luhcx,  \iy 
means  of  which  tlie  operation  niiglit  be  performed  without  danger  to  the 
operator;  for  scrofulous  and  other  diseases  were  frequently  communicated 
to  the  latter,  by  drawing  tainted  btoodand  humors  into  the  mouth  ;  whereas, 
by  the  interposition  of  a  tube,  the  offensive  matter  could  be  prevented 
from  coming  in  contact  with  the  lips. 

Befi're  the  use  of  the  lancet  was  discovered,  these  cvpping  tubes  Ware 
applied  in  ordin»ry  blood-letting.  Even  at  the  present  day  euch  is  the 
only  kind  of  phlebotomy  practiced  by  the  oldest  of  existing  nations;  for 
"the  niime  and  the  use  of  the  lancet  arc  eijually  unknown  among  the  na- 
tives f>f  Hinddsltm.  They  scarify  the  part  willi  the  ]>oint  of  a  knife  and 
apply  to  it  a  copper  cupping-dish  with  a  long  tube  iitHxed  to  it,  by  means 
of  which  they  stick  the  blood  with  the  moulih.""  It  it  the  same  with  the 
Chinese,  Malays,  and  other  people  of  the  east.  These  generally  use  the 
eame  kind  of  apparatus  as  the  Hindoos,  but  sometimes  natural  tubes  are 
employi'ii,  OS  a  piece  of  bamboo.''  The  horns  of  animals,  as  those  of 
oxen  and  coats  were  also  much  used  ;  these  on  account  of  their  coni- 
cal  form  being  better  adapted    for  the   purpose   than   cylindrical    tubes 
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(nniHl  the  nogiTjes  of  Africa  cupping  with  ra  ns'  horns ,  and   iho 

'  >mtinue  to  use  the  same  instrumrnl,  havinjr  derived    it    I'nini 

ivian   ancestors.     Cupping  was   practiced    by    Hifipocnitcii, 

t:u|ipiijg-instrunicnts   were   tlie  crableina  of  Greek  and  Uunian  phy- 

1  ■  itinn  of  a  reed  or  other  natural  tube,  through  wliicli  to  suck 

irjnot  otherwise  be  reached,  has  always    been    known.      The 
HKK  \a  "111'  which  in  pvery  age,  boys  as  well   as  men   acquire   a    know- 
|)p- of  intuitively,  or  as  it  were  by  instinct;  nor  does  it  imlicale  a  f^n-iiter 
'  of  iiii:enuiiy  than  numerous  contrivances  of  tlie    lower   anlmiiis— 
lol"  the  rjjrrji  for  exumph),  which    Pliny   Inn   mentioned   in   the    tenth 
"inf  his  Natural  History.      This  bird,  during  a  severe  drought,  seeing 
'  ocar  a.  sepulchre,  flew  to  it   to  drink,   but  the   small  jauntily   of 
vr  il  contained  was  too  low  to  lie  reached.     In  this  dilemma,  siiinula- 
1  by  want  and  thrown  upon  its  own  resources  for  invention,  it  soon  de- 
;  in  cfli-ctual  mode  of  accomplishing  its  object — it   picked  up  small 
i|i;4  and  dropped  them  into  the  vessel  till  the  water  rose  to  the  brim — 
in  iiisiance  of  sagacity    fully   equal  to    the    application    of  a  tul>e   under 
■■hUr  circumstances  by  man. 

^KA>  ^uckinu;   tuljes  arc  atmospheric  pumps  in  embryo,  a  notice  of  somo 

^BpliciUions  vi  them    will   form   an   nppropriale  introduction  to  the  latter. 

BK»y  constituted  part  of  the  experimental  apparutus  of  the  old  Greek  Pie 

'(itt!  mill  V'ttcuists;  and  were  used  by   the   Egyptians  as   siphons.      They 

irrf,   nnr)    still    ore,    employed    in     Pirrii    for    drinking    hot    liquids,    and 

-•  used  by  the  laity  in    partaking   of  wine   in    the    Kuoharist. 

ii.tnui  upon  Terlullian  in  the  booke   De   Corona    Mililin,    re- 

fwrti'Ki  lli.it  atiiong  the  riches  and  treasures  of  the  church  of  Mense,  were 

un  silver  pypes  by  the  svhicli  profine  men,  whom  they  call  the  luietie, 

led  out  of  the  challice  in  the  holy  supper."*     The  device,   if  not  of 

more  distant  origin,   was   tierhaps   designed  in   the  dark 

ages,  OS  u  check  to  the   rude   communicants,   who   would 

naturally   be   inclined   to   partake    too   freely   of  the   cup. 

But  since   the   laity   were   excluded  by    the  Council  of 

Constance,  from  sharing  the  wine,  the  use  of  such   tubes 

bos  been  retained.     At  the  celebration  of  high  moss  at  St. 

Denis,   the  deacon  and   sub-deacon  suck  wine    out  of  the 

chalice  by  a  chain iwau  or  lube  of  gold,     [Diet,  de  Tnj- 

voux.     Art.  Chaliimeau.] 

'  The  >ar.gui.tiiclicHo  or  blood-oucker,'  says  La  Molraye, 
is  &  golden  tube  by  which  the  Pope  sucks  up  the  bUtod 
[wine]  at  high  mass;  the  chalice  and  tube  being  held 
by  a  deacon.  The  instrument,  he  remarks,  cnrreapoiids 
with  "the  ancient  pugillarix,  or  lube  mentioned  by  Car- 
dinal Bona  in  his  treatise  of  things  belonging  to  the  liturgy, 
^^1^^£^  and  of  the  leavened  and  unleavened  bri-ad."*  Nc.  78  is  a 
^U  figure  ot  the  sanguisuchello.     It  has  three  pipes,  but  the 

^■1  middle  or  longest  one  is  that  by  which  the  liquid  is  raised. 

H  The  whole  is  of  gold,  highly  ornamented,  and  enriched 

Im|iimiii  III  till        with  a  large  emerald.     One   reason  assigned   fir   its   use, 
is,  that  it   is   more  seemly   to  suck  the    blood   [wino]    as 
lliMiigh  a  vein,  than  to  tup  it. 
The  Peruvians  make  a  lea  or  decoction  of  the   'herb  of  Paraguay,' 


r  Msnyr''  Com.  Places.  Lnn.  1583.  Part  A,  p.  37. 
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which  is  common  to  all  clnssos.  "Instead  of  drinking'  ibe  tincturo  <n 
infusion  apnrt,  as  we  drink  ten,  ihey  put  the  herl)  into  a  cup  or  bowl 
made   of  a  calaliasli  or  f^uurd,  tipp'd  with  silver,   wliich   they  ctill  matt; 

they  add  8ii)^ir  and  pfiui  on  it  tlie  hiA 
water,  whicli  llicy  drink  immpjintely 
without  giving  it  lime  to  infuse,  l>ccauM 
it  turns  as  black  as  ink.  To  avoid  drinlt- 
ing  the  herb  which  swims  at  llie  top, 
tliey  make  use  of  a  silver  pipe,  M  the 
end  whereof  is  a  bowl  full  of  little 
holes;  so  that  the  liquor  luck'd  in  at 
the  other  end  is  clear  from  the  herb,"' 
Frczier  has  given  an  engraving  of  a 
hi 'y  thus  employed,  from  which  the 
annexed  cut  is  copied. 

In  Frezier's  time  it  was  the  custom 
for  every  one  nt  a  party  to  suck  out 
of  the  same  tube — like  Indians  in  cimn- 
cil,  each  taUinn;  a  whift'  from  t)ie.samc 
calumet.  Willi  tbe  exception  of  con- 
fining a  company  to  the  use  of  one  in- 
strument, we  should  think  this  mode 
of  'taking  tea"  deserving  the  considera- 
tion of  the  wealthy,  since  it  possesses  sevend  advantages  over  the  Chinese 
plan  which  we  have  adopted.  In  the  first  place,  it  is  not  only  a  more 
ingenious  and  scientiKc  mode  of  raising  the  liquid,  but  also  more  graceful 
than  the  gross  mechanical  one  of  lifting  the  vessel  with  it.  It  is  mora 
economical  as  regards  the  exertion  required ;  for  in  ordinary  rases  a  per- 
son expends  an  amount  of  force  in  carrying  a  cup  of  tea  backwards  and 
forwards,  so  mony  times  to  his  mouth,  as  would  siitfige  to  raise  a  bucket 
of  water  from  a  tnodenitely  deep  well.  In  the  u.se  of  these  tubes  llicrc  is 
no  rluince  of  verifying  the  old  proverb — 'many  a  slip  between  the  cup 
and  llic  lip' — .'Vnd  then  there  is  no  danger  of  breakage,  since  the  vessel 
need  not  be  removed  from  the  table.  How  often  has  a  valuable  'tea-set' 
been  broken,  and  the  heart  of  the  fair  owner  almost  with  it,  l)y  sonin 
awkward  visitor  dropping  a  cu|)  and  saucer  oi:  their  way  to  his  moutl., 
or  on  their  return  to  the  table  !  Lastly,  the  introduction  of  these  tubes, 
would  have  the  same  room  as  at  present  for  display  in  tea-table  para- 
phernalia. 

There  is  another  app!icali9n  of  them  whlc'n  some  coiivivialists  may 
thank  us  for  suggesting.  It  has  been  regretted  by  ancient  and  modern 
epicures  that  nature  has  given  them  ntris  tiiuch  .shorter  than  those  of 
some  other  animals;  these  philosophers  supposing  that  the  pleasures  ot" 
eating  am!  drinking  are  [)roporlioned  to  the  lnii;lh  of  the  channel  through 
which  food  jiiisses  to  the  stomach.  Now  although  a  sucking  tube  will  not 
niter  the  natural  dimensions  of  a  person's  neck,  it  may  be  so  used  as  to 
jirnlfync;  the  sensation  of  di'^lulition  in  the  shortest  one;  for  by  contracting 
the  orifice,  each  drop  of  liipiid  imbibed  through  it  may  be  brought  in 
contact  with  the  organs  of  laste,  ami  lie  detained  in  its  passage  until  every 
particle  of  pleasure  is  extracted  from  it; — being  the  reverse  of  what 
lakes  pl.ice,  wlien  gentlemen  swallow  their  wine  in  gulps.  The  most  fa-< 
tidious  disciple  of  Epicurus  could  not  object  to  this  use  of  them,  «ince 
Cotliing  would  touch  his  liquid  but  the  tube;  and   as  every  person  woulj 

•Frezier'<  Xoyuge  to  the  South  Seas,  p.  S&lJ. 
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leroriJe  hw  own,  no  one  would  ever  think  of  'botrow-inr  hi*  neiglibt  r's, 
inv  aiDrr  than  he  would  ask  for  the  loan  of  hi»  tooth-pick.* 

Wc  are  not  sure  thai  this  |>Iiin  of  atfenualing  ngrecnble  Ufjuids,  did  not 

give  n»c  to  that  mode  of  drinking   adoplL-d    hy   the  hixurious  Greeks  and 

floman«.  lo  which  we  have  before  nlluJed.     Their  drinking  vessels  were 

wiierallv  horns,  or  were  formed  in  imitation  of  them.     At  the  Bmall  end 

jf  I'Bch  II  very  minute  opening   was   maile,    throutjh   which  a   stream  nf 

limps,  as  it  were,  descended  into  the   mouth      Paintinps   found    m   I'om- 

prii,  and  other  ancient  monuments,  represent  in  lividnnfs  in  the  act  of  thus 

;nin?  lliem — while  others,   whose   appetite   for   the    beverage,   or   whose 

;)i)rst  wai  too   keen  to   relish  so   glow  n   mode  of  allaying  it,  are    seer 

i  11  king,  not  out  of  "the  little  end,"   hut   out   of  the  large  end   "of  the 

.nu"     We  have  mentioned  this  circumstnnce  because  it  appears  to  af- 

■rd  a  tolulioii  of  ait  rid,  but  soniewlmt  ambiguous  saying. 


CHAPTER     V 


o«  Mlvvt  puiik|«;  Great  ruicty  In  Uie  Aimu  and  mai4)riAli  ormaehliiM  t«.  nU«  1rat^r — 9lmple  tial 
imm%  y««|>— 'lui:lent  Orrniaii  paiii|»->Freiich  punii* — (■ouet't  fnctiuulru  pomp:  Bulf«'>riuniitly  rifla 
urtwl  Mm  1 111*1  jtMn»|i — lli»liiM>n'»  hdc  pump — DlM»KaM1itj(r«  of  (m-IIjiw*  |iunlp»— N'lilMriit  putiipi  is 
aao,  ^aadrHpei]*,  ku»oclJ,  bitdi,  tct. — KcAoctiuui  un  llieui.   Ancietil  rajea  figuretj  id  t)Hj  chapter. 

\k  the  course  of  time  a  new  feature  was  given  to  sucking  tubes,  by 
which  they  were  converted  into  piitnps:  this  was  an  H])[)arjitus  for  with- 
drswinir  the  air  in  place  of  tJie  moulli  and  lung.s.  In  what  age  it  was  first 
devised,  and  by  what  people,  are  alike  unknown.  The  circumstance  that 
originnlly  led  to  it,  was  probably  the  extension  of  the  length  of  sucking 
tabes,  until  the  strength  of  the  lungs  was  no  longer  sufficient  to  draw 
water  through  them.  In  this  way  the  bellows  pump,  the  oldest  of  all 
pomps,  we  presume  took  its  rise. 

!t  sh.-.u'd  t.c  borne  in  mind  that  an  atmospheric  pump  is  merely  a  con- 
'.nvanoe  f  itced  it  the  upper  end  of  a  pipe  to  remove  the  pressure  of  llm 
S-Unospnere  there,  -vhile  it  is  left  free  to  act  on  the  li<|iiid  in  which  the 
Icwer  end  is  immersed  ;  and  farther,  that  it  is  immaterial  wliat  the  siib- 
«t«iice  of  the  machine  is,  or  what  figure  it  is  made  to  assume.  .Sune  per- 
sons p4'rli.ip8  miv  suppose  that  pumps  seldom  vary,  and  then  but  slightly, 
frwm  the  ordinary  or,e  ii;  our  streets,  (the  ancient  wooden  one)  but  no  idea 
could  be  more  erronecus.  for  few,  if  any,  machines  have  undergone  a 
greater  number  of  metairiorphoses.  The  biKly  or  working  part,  which  is 
named  the  'barrel'  and  jometiroes  tlie  'chamlwr,'  so  fur  from  being  always 
cylindrical,  haa  been  rnadt  8f|uare,  triangular,  and  ellijitical; — it  is  not  even 
always  straight,  for  it  hy-s  been  bent  into  a  portion  ol  a  circle,  the  centre 
of  which  formed  the  fuicruw  of  the  lover  and  rod,  both  of  which  in  this 

»e  l>eing  made  of  one  piecs  •  its  materials   have   not   been  confined   to 

IVDud  and  the  metals,  f<jr  pumj's  have  been  made  of  gliuts,  stoneware, 
itune,  leather,  canvas,  and  cau.tchouc.     Some  have  been  constructed  like 


•l»i  3hnkf««pear«'i  tune,  'TVery  cn«jti  cnrrieo  hi«  own  knif^,  wliirh  ho  occrt«ii  iiany 
wbrltpii  on  a  *t"ine  Uint  liiinc  liclnnd  the  door.  One  oC  Uiu<b  wliet^lnncK  in;iy  bo  "wen 
1  r.'irkio'Uir*  Milwiiin.  They  were  ulTanir.f*  nl  Ihiil  p>-rioil  In  ihii  use  orr<rki.' 
['  uoDe'o  Notrt  on  Shnkeipvare'ii  Timon  uf  Athens.  Act  i.  :S>->-iiv  tt  ] 
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a  ba^,  re»utnl)1ing  ihe  old  powder-puff  or  the  modern  accnrJion;  other*  ii> 
the  lorm  of  the  Joniestic  and  Macksmith'a  bellows — some  in  the  figure 
of  a  drum,  and  others  as  a  portion  of  one — as  a  simple  horizontol  tulie 
suspended  at  the  centre  on  a  perpendicular  one,  and  whirled  round  like 
the  arms  of  a  potter's  wheel — then  again  as  o  perpendicular  tube  witlinut 
•  icker  or  piston,  and  moved  like  a  gentleman's  walking  cane,  from  which 
iiiuecd  its  name  is  derived.  (See  Canne  lli/dravliquc  in  Book  IV.)  T'ley 
have  also  been  made  of  two  simple  tubes,  one  moved  over  the  other  hVe 
those  of  a  telescope — even  a  kettle  or  cauldron  has  been  used  as  a  piiirip, 
and  tlie  vapor  of  its  boiling  water  substituted  for  the  sucker  to  expel  the 
_.-••■"••..  air  it  contained,  after  which   the  pressure  of  the  «t- 

mosphere  forced  water  into  it  from  liclow.  In  fin*, 
any  device  by  which  air  can  be  removed  from  the 
interior  of  a  vessel,  is,  or  may  be  used  as  a  pump  to 
raise  water. 

Nor  have  the  '<uckers'  or 'pistons'  been  subject 
to  less  changes  than  other  parts  of  pumps.  They 
have  been  made  solid  and  nollow — in  the  form  of 
cones,  cylinders,  pyramids,  sectors,  and  segments  of 
circles: — in  the  shape  of  cog-wheels,  and  of  the 
arms  and  vanes  of  wind-mills,  with  motions  analogous 
to  such  as  these;  and  sometimes  they  are  made  ii 
the  shape  of  a  gentleman's  hat  and  of  similar  mate 
rials;  while  the  only  motion  imparted  to  them,  ii 
the  odd  one  of  alternately  pushing  them  inside  out 
and  outside  in. 

If  a  collapsed  bladder  or  leather  bag,  be  secured 
at  its  orifice  to   the   upper  end   of  a   perpendicular 
tube  whose  lower  eml  is  placed  in  a  vessel  of  water, 
^No.  80)  then,  if  by  snnie  contrivance  the  bag  can  be  distended,  as  shown 
by  the  dotted  lines,  the  small  (juantity  of  air  contained  in  it  and  the  pipe 
wouM  become   rarefied,    and    consecjuently    unable 
to  balance    the  pressure   without — hence   the   liquid 
would  be  forced  up  into  the  bag,  until  the  air  within 
became  again  condensed  as  before — that  is,  tlie  blad- 
der  would   be  filled  with  water,  with  the  exception 
of  a  quantity  e()ual  to  the  space  previously  occupied 
/T"      /  ]         by  the  air  within  it  and  the  pipo. 

ff^    L*i»^^Mj  To  convert  this  simple  apparatus  into  a  pump,  two 

K  ^  valves  or  clacks  only  are  wanting,     t  >ne,  opening  up 

wards  ami  (ilaced  in  any  part  of  the  pipe  or  at  either 
of  its  extremities.  This  will  allow  wafer  to  pa«s  np 
through  it,  but  none  to  descend.  The  other  placed 
over  an  aperture  made  on  the  top  of  the  bag,  and 
opening  outwards — through  '.his  the  contents  of  the 
vessel  when  collapsed  can  b?  disrhargeil ;  and  when 
oisteiwled  it  will  close,  and  thereby  ])revent  the  cn- 
'  trance  of  the   external  air.      The  instrument  thus  ar- 

\j        aiig'ed  becomes  a  bellinrs  pump,  (No.  81.)  a  machine, 
which  from  the  obvious  a|>[ilirHtion  of  the  bellows  to 
t      j'  raise    atid  spout  water   as   well    as  air,   has  been  re- 

-^Se~'^^  ^  — ^     invented  by  ir.Hchinists  in  almnsl  every  age. 
No.  81.   Boiio»rruiap.         The  figure  scarcely  requires  illustration.     It  n'prc 
sents  a  pipe  attached  to  the  under  board  of  a  circular 
O'  lantern  belliws.  the  orifice  of  whirH  is  covered  by  a  clack — the  uppoi 


No.  M. 
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hoard  hiu  also  an  onetiirig  in  its  centre  which  is  closed  1  y  a  valve  or  ciack, 
itKl  dlsi)  fiimislicd  with  a  roi)  and  handle.  The  under  Imard  suineliines 
fiimn  the  boMnm  of  a  box,  in  one  side  of  which  a  sponi  is  inserted,  as 
tliown  l>y  the  dutted  lines. 

The  earliest  representation  of  a  bellows  pump  which  we  have  met 
with  ill  hooks,  is  amiuig  the  curious  cuts  attached  to  the  first  German 
trm«lslion  of  Vegetius,  from  which  No.  82  is  copied.  (Erffurt  1511)*  It 
will  aurtice  to  show  the  application  of  this  kind  of  pump  to  raise  vvaier 
Utlmltiine.  There  was  of  cnurse  a  vulve  covering  the  ?nteriiir  orifice 
of  Ihc  nozzle  and  opening  outwards,  to  prevent  the  air  from  entering 
wlifn  the  upper  board  was  raised.  This  valve  is  not  shown  because  the 
Irt  of  representing-  the  interior  of  machines  by  section,  was  not  ther.  un- 
iIitriikkI,  or  not  practiced.  The  lower  board  is  fa.stcned  to  the  ground  by 
I  [losi  and  key,  and  a  wci}{ht  is  placed  on  the  upper  one  to  assist  in  ex- 
peiiiiig  llie  water. 


No.  83.    Germnn  Atmoiphrric  ll<-l[ow«  Pumfi.    A.  D.  1^(1. 

One  hundred  years  ago,  two  bellows  fixed  in  a  box  and   \yorked  by  a 

dmihle  lever,  like  the  old  fire  or  garden  engine,  was  devised   by   M.   Do 

Pm-,  Master  of  Requests  to  the  king  of  France.      The   machine  was   re 

'commendeil  to  raise  water  from  the  holds   of  Bhii)s,   drain   lands,   &c.      It 

tpppsrs  tl:at  the  widow  of  M.  l)u  Pny,  expected  to  reap  great  B<ivantagen 

Kitn  it  in  Eneland;   but  Dr.  Desaguliers.  in  1714,  published  a  description 

of  It  Iclien  from  the  French  account,    and    nmoiig   other   remarks    he   ob 

fctrveil — "About  fourteen  years  ago,  two  men  here  applied  for  a  paten* 

for  this  very  engine,  proposing  thereby  to  drain   mines;"   •   •   •   "all  the 

(Jifference  was,  that  their  bellows   were  fixea    jntm  a  little  waggon;  and 

•Jiey  had  a  short  sucking  pipe  under;  and  the   force   pipe   went   up  from 

tie  two   bellows.      I   opposed    the   taking   out   of  this   patent,   because    I 

UiOueht  it  would  bo  of  great  hurt  to  the  undertakers,  to  lay  out   near 

<'ghty  pounds  for  what  would  never  bring  them  eighty  pence  ;  unless  they 

V.^Ae  a  bubble  of  it,  and  drew  unwary  people  into  a  scheme  to  subscrllje 

/roncy."     (Ex.  Philos.  ii,  501.)     Bellows  pumps  were  previously  used  in 

Truncc.     They  are  spoken  of  as  common  in  the  old  Diet,  de  Trevoiix. 

•I  rim  indftileJ  to  John  Allan.  E«<|.  for  a  cojiy  of  tlii»  ■•rtirop  old  worl..  It  i«  tlip  ntm 
»j  wliirli  I'ff  i<(fckiniiii  refpr*  m  liis  uriiclt;  on  ijio  diving  bell.  \'ai'  rtiinnloly  llieruu 
rro  Ivit  witlioiit  t-iplnnatioii. 
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A  neat  ano  perhaps  the  best  modificniion  of  tliese  machines  wiu  ( 
eised  nfiout  the  year  lT.i2,  in  I'aris,  by  Messrs.  Gosset  and  Deuille.     Ii  \ 
described  by  Bebdor  in  1739,  and  by   Desagtiliers  in   1744.  as  "a  pistflr, 
without  IViclion."     It  consists  of  a  circular  piece  of  leather  pressed  into 

the  form  of  a  deep  dish,  or  of  a  la» 
crowned  hat  with  a  wide  rim.  Ti 
rim  is  secured  by  bolts  and  K' 
bel"'een  two  tianches  of  a  pump  ry^ 
B       I  liiider,  forming  an  air  fight  joint — ihn 

I       I  part  corresponding  to  the  body  of  tin 

J^^l —'■  ii»t  fits  loosely  into  the  cylinder;  anJ 

f  f^\       I      T  the  crown  is  strengthed  by  a  cirtulir 

plate  of  metal  of  the  same  size  laj 
riveted  to  it.  In  the  centre  of  tliii 
plate  an  opening  is  made  ami  alin 
througli  the  leather  for  the  pM! 
of  the  water,  and  covered  by  a  v»l»» 
opening  upwards  like  the  oniiuirj 
sucker  of  a  pump.  The  forked  eodj. 
of  the  pnmp-nid  is  secured  to 
plate.  (See  figure.)  WHien  the  rod 
raised,  the  bottom  of  llie  dish  ur  hu 
ia  above  the  (lunch,  and  when  down 
it  is  pushed  inside  out  as  shown  in 
the  cut.  Thus,  by  alternntely  ele- 
vating and  depressing  it,  the  water  is  raised  as  in  the  common  jiuinp 
This  piston  is  described  in  Vol.  VI,  of  Machines  approved  by  the  Frenck 
Acncleiiiy   for  17.32,  p.  85,  as  the  invention  nf  M.  Boulogne. 

The  groat  advantage  of  this  pump  is  in  the  sucker  or  piston  not  nih- 
liiiitr  agiiinst  or  even  toucluiig  the  sides  of  the  cylinder,  hence  there  it  no 
frictiiiii  to  overcome  from  that  source,  and  the  leather  is  cunsei|iientljr 
more  ihirahle ;  but  the  length  of  itroJce  is  much  less  than  in  coniraon 
pumps,  it  seldom  e.xceeding  six  or  {?ight  inches,  lest  the  leiilher  should  he 
overstrained  in  pressing  it  deeper.  Large  pumps  of  this  description  were 
workeii  ill  the  mines  of  Brittany  incessatuly  during  three  or  four  months 
without  requiring  any  repair.  India-ruliher,  and  canvas  satiimted  ot 
coated  with  it,  have  been  successfully  used  in  place  of  leather.  SoiM 
nKiiliHcalions  ni  the  sucker  ha\H>  also  been  introduced. 

Tliis  piitn|)  WHS  re-iuvenled  in  lingland  some  years  ago,  and  made  con- 
siderable noise  under  a  new  name.  See  London  Mechnn.  Magaxiiic,  lod 
Regi.ster  of  Arts,  lS'J(>-29;  also  the  Joiirual  of  the  Franklin  '.nslitiite  fol 
1831,  vol.  vii,  193.  In  170(5,  .Mr.  [Seninmin  Martin,  the  well  known  *il- 
thorof '  I'hilosonhia  Britaimica'  and  other  scientific  works,  proiiosed  a  ?ooJ 
double  pump  o(  this  kind  ffir  the  IJritisli  imvy — a  figure  and  descr.|.l'v>9 
of  it  umy  be  seen  in  Vol.  XX.  of  Tillocli's  Philosophical  Magazine. 

Dr.  Robisoii,  in  the  second  volume  of  his  Mechanical  Pliiiosor-'n/.  -^rft- 
posed  what  has  heen  named  an  improvement  on  the  last  pump.  His  i*- 
vice  is  however  little  else  than  the  old  bellow*  pump.  A  figure  of  itaud 
his  description  are  annexed. 

A,  B,  {No.  84)  represents  a  wooden  trunk  or  cylinder  of  metal,  hirlrga 
a  spnirt  nt  the  upper  part,  and  the  lower  end  closed  by  a  plate,  the  3penili|f 
ill  which  is  covered  by  a  clack  valve  E,  as  in  No.  83.  To  this  plat;  is  se- 
cured the  open  bottom  of  a  long  cylindrical  bag,  the  upper  end  beinsi  f.xed 
to  the  round  board  F.  "  This  bag  may  he  made  of  leather  or  of  <loui-ip  can- 
vas, a  fold   of  thin  leather  or  of  sheepskin  being  placed  between  the  IwW 
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No.  81.     Bnf  Pump. 


'jlili    The  upper  end  of  die  l>ags)ioiilil  t>c  firmly  tied  witliacordinogroove 

I  lui'tiej  rtiil  of  the  rim  of  rhe  Ijiiard  at  1'.    Into 

^        I       #      this  board  is  fixed  the  fork  of  tho  piston  roil, 

I     JL  and  the  bag  is  kept  distended  by  a  niimber  nf 

^^J     I    I  wnodi-n   hoops   or  rings  of  wire,  fixed   to  it 

g  ^\     I  ^'  I  at  a  few  inches  distance  from  one  another,  and 

kept   al  the  same  distance  by   three  or  foor 

cords  binding  them  together,  and   Btretching 

from  tho  top  to  the  l>otlom  of  the  t>a£:.     Now 

let  this  trunk  Im?   immeried    in   the   water  :  il 

is  evident  that  if  the   bag  be  stretched   from 

the  compressed   form   which   its  own  weight 

will  give  it  by  drawing  up  the  piston  rod,  it* 

capacity  will  Vhj  enlarged,   the   valve   F   will 

be  shut  by  its  own  weight,  the  air  in  the  bag 

I   I  will    be    rarefied,    ami    the    atmosphere    will 

I  I  press  the  water  into  the  bag.     When  the  rod 

II  IS  thrust  down  again,  the  water  will  come  out 
at  the  valve  F,  and  fill  part  of  the  trunk.  A 
repetition  of  the  operation  will  have  a  similar 

offi'W;  the   trunk    will  be   filled,  and  the  water  will  at  la.ot  lie  discharged 
■llhi'  »pout."      The  operation  is  precisely  the  same  as  in  No.  SI. 

"Hi>re  18  a  pump  without  friction  and  perfectly  tight;  fjr  the   leather 
bolwrvii  the  folds  of  canvas  renders  the  bag  impervious  both    to  air  and 
w«ler.     We  knovv  from  experiment  that  a  bag  of  six  inches   diameter 
m«()c  of  ^ull  cloth  No.  3,  with  a  sheepskin  between,  will   bear  a  column 
'•('■II  feet  of  water,  and  stand  six   hours   work    per  day    for  a  month, 
V  'it  failure;  and  that  the  pump  is  considerably  superior  in  effect  to  a 
cnramon  pump  of  the  same  dimensions.      Wb  mn^t  only  observe  ihni  t[f^t 
li'n'."li  iif  the  bag  must  be  three  tifnes  thg  jn^eniled  length   of  the  stroke, 
■  ^  ■  when  the'  p'isioii  roil  is  in  its  highest  position,  the  angles  or  n()ge« 
■'I  '.If  Ixig  may  be  pretty  acute.     If  the  bag  be  mor«  stretched  than  this, 
til*  force  which  must  be  exerted  by   tho   laborer  becomes  much   greater 
(li*n  the  weight  of  the  column  of  water  which  he  is  raising." 
But  alter  all  that  ran  be  said  in  favor  of  bellows  pumps,  they  have  their 
iMlaj;e».      A  prominent  one  is  this:   when  the  leather  or  other  ma- 
1   svhich  they  are  formed  is  worn  ont,   a   practical    workman,   who 
ii"ui(  lo  be  obtained  in  every  place,  is  re(|uirpd  to  renew  it.      Unlike  re- 
plying tlie  leather  on  an  ordinary  'sucker',  which  a  farmer  or  a  sailor  on 
'lii))-biiard  can  easily  accomplish,  the  operation  requires  practice  to  per- 
'i'l'm  it  efficiently,  ami   the  expense  both   of  time  and  materials   is  much 
pvater  than  that  of  similar  repairs  to  the  common  pump.      For  these  and 
"lier  reasons,   bellows   pumjis   have    never   secured    a   permanent    place 
uoong  staple  machines  u>r  raising  water,   and    the   old    rybnilrical    pump 
Wl!  retains  tho  preeminence,  notwithstanding  tlie  ainnost  iiiniiinerable  pro- 
jects that  have  Iteen  brought  forward  to  supersede  it. 

The  preceding  machines  resemble  in  some  degree  tho  apparatus  for 
irinking  which  the  Creator  has  furnished  to  us  and  to  such  riuadrupeda 
45  do  not  lap.  When  an  ox  or  a  horse  plunges  his  mouth  into  -a  sm-am, 
'le  dilates  his  chest  atid  the  atmosphere  forces  the  liquid  up  into  his  sto- 
mach precisely  as  up  the  pipe  »f  a  pump.  It  is  indeed  in  imitation  of 
thftjc  natural  pumps  that  water  is  rai<ed  in  artificial  ones.  Tho  thorax  il 
(lie  pump;  the  muscular  energy  of  the  animil,  the  power  that  works  it; 
thi?  throat  is  the  pipe,  tho  lower  orifice  of  which  is  the  mouth,  and  which 
II-:  fnu«t  n>!ceisarily  insert  into  the  liquid  he  thus  pumps  into  his  stomach . 
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and  whijuever  the  depth  of  waier  is  insufficient  to  cover  the  opening  h»!. 
Iwecn  Ills  lip?,  the  anim«l  instinctively  draws  closer  those  portions  of  iheir 
above  it,  and  contracts  the  orifice  b»?low,  just  as  we  do  under  similar  cir- 
cuinstaiicps,  and  which  we  constantly  practice  in  sipping  tea  or  coffee  from 
a  cup,  or  any  other  beverage  of  which  we  wish  to  partake  in  smnll  quan- 
tities. The  capacious  chost  of  the  tall  camel,  or  of  the  still  tnller  came 
leopard  or  girafle,  whose  head  sometimes  moves  twenty  feet  from  the 
ground,  is  a  large  bellows  pUmp  which  raises  water  through  the  Inng 
channel  or  pipe  in  his  neck.  The  ele[)haiit  by  a  similar  pneumatic  appa- 
ratus, elevates  trie  liijuid  through  that  flexible  'suction  pipe,'  his  proboscis; 
and  those  nimble  engineers,  the  common  house-flies,  raise  it  through  theil 
minikin  trunks  in  like  manner. 

W'e  may  here  remark,  that  among  the  gigantic  anitnals  which  in  remote 
ages  roamed  over  this  plar.vt,  and  which  quenched  their  thirst  a.s  the  oit 
does,  there  could  have  been  none  which  stood  so  high  as  to  have  iheif 
Rtomaclis  thirty  fi.'et  above  the  water  they  thus  raised  into  them.  And  on 
the  table  lands  of  Me.iico,  and  the  still  higher  regions  of  Asia,  Africa,  and 
South  America,  animals  of  this  kind,  if  such  tliere  were,  must  have  bad 
their  storciaclis  placed  still  lower. 

Tlie  mandibles  of  some  insects  are  hollow,  and  are  used  as  suckinB 
pumps.  Tliey  serve  also  sometimes  as  sheaths  to  poniards,  witli  which 
nature  has  furnished  them,  as  weapons  of  offence  and  defence.  Those 
ol  the  lion-ant  are  pierced,  and  "no  doubt  act  as  suckers."  This  little 
animal  constructs  a  minute  funnel-shaped  excavation  in  dry  sand,  and  co- 
vering its  body  at  the  bottom  lays  in  wait,  like  an  assassin,  for  its  prey: 
"no  sooner  does  an  industrious  ant,  laden  perhaps  with  its  provision,  ap- 
proach the  edge  of  the  slope,  llian  the  finely  poised  sand  gives  way,  afid 
tie  entrapped  victim  fulling  to  the  bottom,  is  instantly  seized  and  mckcd 
to  a  kAuiIoic  by  the  lurking  tyrant,  who,  soon  after  by  a  jerk  of  his  heail 
tosses  out  the  dead  body."  Weasels  and  other  animals  suck  the  hilotxl 
of  their  prey.  The  tortoise  drinks  by  suction,  for  which  purpose  he 
plunges  his  head  deep  into  the  fluid,  so  as  even  to  cover  his  eyes.  There 
are  several  species  of  birds  denominated  'suifnriaV  on  account  of  their 
obtaining  food  by  means  of  atmospheric  pressure,  which  they  bring  into 
action  by  apfiaratus  analogous  to  the  pump.  The  grallafares  or  leadcri, 
"suck  up  their  food"  out  of  water. 

It  is  impossible  to  contemplate  the  structure  and  habits  of  animnlv 
•without  being  surprised  at  the  extent,  to  which  this  principle  of  raising  li 
quids  has  been  adopted  by  the  Almighty  in  the  formalion  of  insects,  rep- 
tiles, Rshes,  birds,  amphibia  and  land  animals  ;  and  also  at  \\a  adaptation 
to  their  various  forma,  natures,  and  pursuits.  Had  we  the  necessary 
knowledge  of  their  physiology,  we  would  desire  no  greater  pleasure,  no 
other  emptoyment  than  to  examine  and  descritje  these  natural  pneumatic 
mnchincs,  and  the  diveraified  modes  of  their  operation. 

For  other  natural  purnps,  see  remarks  at  the  end  of  Chapter  2,  on  bel- 
lows /?/rci/i^  pumps,  in  the  next  Book. 

The  rcMcU  or  vases  figured  in  this  chapter  are  ancient.  Those  in 
which  the  tubes  are  inserted  in  illustrations  Nos.  80  and  81,  are  of  glass; 
the  one  under  the  pump  spnut  in  No.  83,  is  a  bronze  bucket;  all  from 
Pompeii.  The  latter  is  referred  to  at  page  67.  The  globular  vessel  in 
No.  84,  is  a  figure  of  a  brazen  cauldron,  also  Roman,  from  Missoii.  Set- 
page  19  of  this  volume. 
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ThiiliimpL<*rir  pump  mppoMHl  by  fome  |>er«ont  to  bfl  ormwlern  origin— Injuf lie*  townrdi  lh«  an 
iM»— Tlt'-ir  kiiij-tf  J|t*- of  tty.lnijyifimic* — Alf»urility  of  wo  «lkd|f<*il  pntf'f  of  llicir  igruoraiice  jl 
•  Nnple  pnacipli*  rif  faylrxNliiUr* — Toinmon  cyliudrical  fiump — Itii  ■iiliqui'y — Aiitirntly  known  ua 
IvIJmbvi*  of  •  itptiDti — The  mntlim  of  Utn  Gre«k>— t.I»ed  ■•  r  iliip  pump  by  tlic  Ki*rnitn« — ^iXgt 
^fm^~¥anti>W  puinp»— Woodf^a  pump*  alwkyi  uced  in  tliip*— De«criptioo  of  •omv  in  lti<i  LT.  8.  Navy 
*ta(«iiiiily  of  •miiun — :*iii(ulBr  nHide  of  makin;  woo<lpn  puiapa,  from  UNnipli^r— Old  dmiiinij^  ptiinp^ 
huijM  la  paMir  am]  pnkalo  a'ctb— le  minct — Ptiiup  from  Aaricola,  with  0|runM  u(  vaii-tus  buxca— 
Dailib  paiaji  formarly  Uftpd  in  tha  mtnci  of  Urrmuny,  fniin  Fliidd^t  work*— Tha  wooden  puiup  aol  lot 
ymtd  by  thn  mfairraa— Its  uae  ctiuliued  cbtedy  to  civlllxed  Mtataa. 

Some  persoos  are  unwilling  to  admit  that  the  atmospheric  pump  was 
Irinwii  to  llie  ancients,  and  yet  they  are  nnalile  tn  prove  its  nriffin  in  lator 
Bmes  or  by  more  recent  people.  The  passages  in  ancient  autliors  in  which 
il  IS  jupposed  to  be  mentioned,  or  allmlod  to,  are  deemed  inconclusive, 
because  the  terms  by  which  it  is  designated  were  also  applied  to  othei 
d<!vice». 

To  confine  the  knowledge  of  the  ancients  to  such  departments   of  the 
trt«u  are  either  expressly  mentioned  or  referred  to  in  Greek  and  Roman 
luthors,  and   to  those,  specitnens  of  which  have   been   preserved    to   our 
tiraes,  is  neither  lil>eral  nor  just.     Let  us  suppose  Europe  and  the  United 
Soiie*.  io  the  course  of  future  time,  thrown  back  into  barbarism,  and  eti 
nwnrds  perished,  save  a  few  fragments   of  the   works  of  our  dramatist*, 
pfvu  and  historian? ; — and  that  after  the   lapse   of  some   ISOO  or  SaOC 
years  ihpse  should   be   discovered — and   also   some   relics   of  our  archi- 
tecture, pollery,  and  works  in  the  metals :     Now   we  should    think  .the 
writers  of  those  days  illiUiral  in  the  extreme,  who   should   conclude   that 
we  were  ignorant  of  nearly  all  branches  of  science  and  of  the   arts;   and 
of  every  machine  which  was  not  jmrtirvhirly  mentioned  or  illustrated   in 
the  former — or  of  which  specimens   were    not  found   among  the   latter. 
And  yet  something  like  this,  has  been   the   treatment  which  tliu  ancients 
b»>'c  received  at  our  hands. 

It  cannot  however  be  denied,  that  remains  of  their  works  still  extant, 
exhibit  a  degree  of  skill  in  architecture,  sculpture,  metallurgy,  pottery,  en- 
graving, &c.  which  excels  that  of  modern  artists.*  And  as  regards  their 
knowledge  of  hydrodynamics — let  it  be  remembered,  that  we  are  in- 
debted to  them  for  canals,  aqueducts,  fountains,  jets  d'eau,  syringes,  for- 
cing pumps,  siphons,  valves,  air  vessels,  cocks,  pipes  of  stone,  earthen- 
ware, wood,  of  lead  and  copper:  yot  notwithstanding  all  these,  and  ;l)eir 
numerous  machines  for  raising  and  transferring  water,  and  the  immense 
quantities  of  lubes  for  conveying  it,  which  are  found  scattered  over  all 
Asia  a»  well  as  Italy''  and  Greece,  it  has  been  gravely  asserted,  that  they 
Were  ignorant  of  one  of  the  elementary  and   most  obvious   principles  of 

all  vnv  fninrkp"!  by  the  Intc  Mr.  WcHreivood.  who  was  doiihtlexa  the  nioxi  nkiiriil 
Bviniir«cuirrr  of  porcelain  in  our  Mwn  liiMito,  thai  till;  rniiiniiK  fUiriarini  rase  iillorilvJ 
wiiltftire  of  nil  art  of  pottery  ninniiif  the  niir.i(*iit«  of  which  we  tire  oh  yet  igtiomtit 
tvMj  or  the  rii'liini'nl*.     Kdiii.  Kiicvc.  vol,  li,  'M'.i. 

»  The  rut  i]iiaiiMiii'8  of  loailcii  [Hiic  roiiiiil  nl  Pompeii  induced  the  Ncipolitan  go 
r*nitp«nt  to  Mill  Uwtn  ai  old  metal.     Pompeii,  vol.  i,  104. 
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hyJroslatics:  vjz.  that  by  which  water  in  open  luhes  finds  its  own  \evr\ 
k  fact,  of  which  it  may  safely  Ije  asserted,  it  was  imjxuiriMe  fur  ihcm  tiol 
to  have  known — a  fact  with  which  the  Indians  of  Peru  and  Mexico  were 
familiar;  and  one  expressly  mentioned  hy  Fliny  :  "  water,  (he  oliserve!) 
always  ascends  of  itself  at  the  delivery  to  the  height  of  the  head  from 
whence  it  gave  receipt — if  it  be  fetched  a  long  way,  the  work  [pi{>e]  will 
rise  and  fall  many  times,  but  the  level  [of  the  water]  is  still  tnaintained." 
Besides  the  testimony  of  Pliny,  fountains  and  jets  d'enu  are  incontm- 
vertible  proofs  that  a  knowledge  of  the  fact  is  of  stupendous  antiquitv; 
they  havmg  been  used  in  the  east  from  immemorial  ages. 

But  the  proof  adduced  to  establlih  their  ignorance  in  this  particular,  ii 
as  smgular  as  the  position  it  is  brought  forward  to  s-istain,  sitice  it  equnllv 
establishes  our  own  ignorance  of  the  same  principle!  It  has  been  said, 
had  the  ancients  knosvn  that  water  finds  ita  level  at  both  extremities  of  k 
crooked  tube,  they  would  have  conveyed  it  through  pipes  to  supply  their 
cities,  instead  of  enacting  lliose  expensive  a<|ueducts  which  were  amoni; 
the  wonders  of  the  world,  and  remains  of  which  still  strike  the  be- 
holder with  admiration: — in  reply  to  this  it  need  only  be  obserreil,  that 
should  any  remains  of  tlie  Croton  nipieduct,  now  constructing  to  stipplv 
this  city  (New-York)  with  v/ater,  i)C  found  two  thousand  years  hence, 
they  may,  by  the  xitme  arguimnt,  be  adduced  as  proofs  that  the  present 
engineers  of  the  United  Stales  were  ignorant  that  water  poured  into  an 
inverted  siphon  would  stand  at  the  same  level  in  both  its  branches. 

The  fijct  is,  the  ancients  did  sometimes  convey  water  over  eininences  in 
siphons  of  an  easy  curvnture."     And  aipieducls  were  in   some  few  instan- 
ces carried  through  valleys  by  rn rf/Vc/i  siphons.      In  the  reign  of  Vlantliwi, 
an  aqueduct  wi*t  forme<t  to  convey  water  from  Foiirvleres  to  the  highest] 
part  of  the  city  of  Lyons.     As  valleys  of  great  depth  were  in  the  line  of] 
Its  course,  works  of  an   enormous  expense   would   have  been   retjuired,] 
which  might  have  prevented  the  execution  of  the  project ;  c<)Tise«|uent]v.] 
instead  of  an  elevated  catinl,  leaden  pipes  wet*   substituted,   forming  aiij 
inverted  siphon."" 

It  is  uncertain  when  or  by  whom  the  common  atmospheric  piitiip  »i 
invented.     It  is  supposed  to  have  been  known  to  the  old   Egyptians,  and 
to  have  been  used  in  the  ship  in  which  Danaus  and  his  companions  stiilejl 
to  Greece.*      As  tlie  tinf/iii   of  the   Greeks,  it   could   not    have   onginatoJl 
with  Ctesibius,  to  whom  it  has  sometimes  been  attributed,  since  it  orsoro*^ 
otlier  machine  or  device  is  mentioned  umler   that  .name,  by   Ariftophanet 
and  rther  writers  who  flourished  ages  bel'ore  him.**     There  are  other  in- 
dications that  it  was  previously   known,   for   either  it  or   something  ver 
like  it  is  mentioned  under  the  name  of  a  siption.     This  term    it   is  knowaJ 
was  a  generic  one,  being  applied  to  hollow  vesisels,  as  funnels,  cullenders,] 
pipes;  and  generally  to  instruments  that  either  raised  or  disperseil   water, I 
as  syringes,  catheters,  fire-engines,  sjirinkling-pots,  &c.*     That  tlic  mt-i 
chine  to  which  we  refer  raised  water  by  '.suction,'   is  apparent   from  an-j 
cionl  allusions  to  it.     According  to    Bockler,   "the    Platonic    philosophers j 
asserted  that  the  soul  should  partake  of  the  joys  of  heaven  as   through  a 
siphon;"  and    by    it  Theophrastus  explained  the  ascent  of  marrow    tn 
bones;  and  Cohimella  the  rise  of  siip  in  trees.     In  these  instances,   it   ii 
obvious  that  neither  the  ordinary  siphon  nor  the  syringe  could  be  intended, 
but   the    atmospheric    pump ;    a    machine    that   Agricola  described  as  • 


•  Fo^liroke's  F.ncyc  AntH].  i.  41.  "  Hvdrniilin.  I,on.  If3."i,  p.  2.=i4.  «  9pe  KHin. 
F.ncvc  .Art.  Clirouolnfty,  vol.  vi,  26H.  ^  Ri>biiison'8  Antiqiiitieg  of  Grrt»ce  cnp.4  0» 
Military  Airsirs.      « See  Aimiwurth's  Diet. 
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•iphoa;  and  one  to  which  t?ie  remark  of  Switzer  only  can  apply — "tl:e  si- 
tilioa  irns  nndoubteilly  tlie  chief  instrument  known  in  the  first  ages  of  the 
•roflii,  (Ijesidi-t  the  dniw-wcll)  fur  the  raisii  g  of  vviiter."* 

Xor  15  there  any  tiling  in  the  account  given  t>y   V'ilruvius   of  'the   Ma 
tiiini;  of  Cteiibiii*,'  wliich  intiicates  that  the  atmospheric  pump  was  nut  in 
pftvitms  use.      llis  descriplinn  is  obviously  that  of  a  y<//r(«^   pump,   (and 
•pfifarj  to  have    been  so   understood   by   all    his  translators,)  one   whose 
WMriiin;^  ports  were  pluccd  not  above  but  in  the    water   it   was   employed 
10 elevate;   whose  piston  was  solid,  and  which  by  means  of  pipes  forced 
tdf  wsier  aio/r  i/JirIf;   that   raised   the    water  "very   high;" — attributes 
which  do  not  belong  to  the  common  pump.     It  is  true   he   has  not   men 
linani  the  latter,  ])«rhnps  Iwcaiisc  it  wu.s   not   then   employed  as  now  in 
ciril  engineering,  and  ll:crefore  not  within  the  scope  of  his  design  in  wri- 
ing  his  work.     The  tnanner  in  which  Pliny   speaks  of  it,   shows  that  it 
vu  an  old  device  in  his  time,  since  it  was  one  with  which  even  countrv- 
people  or  farmers,  (the  lost  to  adopt  new  and  foreign  inventions)  were  fa- 
miliar.    In  his  19lb  Book.   "On  Gardens,*   cap.   4,   lie  observes:  when   a 
itream  of  water  is  not  at  hand,  the  plants  should  be   watered    from   tanks 
or  wells,  the  water  of  which  may  V)e  drawn  up  by  plain  pole?,  hooks  and 
buckets,  by  swa|>es  or  cranes,  I  windlass]  "  or  by  j'Uinps  and   such    like." 
And  that  these  were  uo  oilier  than  the  old    wooden    pump   of  our  .streets 
and  such  03  our  farmers  use,  is  obvious  from  a  passage  in  Ins    IGlti    Hook, 
op.  42,  where  speaking  of  the   qualities   and   uses   ol'  different   kimis   of 
wooJ,  he   remarks,  "  pines,  pilch  trees  and  allars,  are  very  good  to  make 
ttatura  and  conduit  pipes  to  convey  water;  and  lor   these   pur{>oseg  their 
wood  is  bored  hollow." 

Although  suliicient  time  may  be  supposed  to  have  elapsed  from  the  age 
of   Ctrsihius   to    that  of   Pliny    for  the   introduction    ol    the    atmosplicrio 

Camp  \n  the  countrymen  of  the  latter,  (supposing  it  to  have  been  invented 
V  tile  former)  we  can  hardly  believe,  if  it  were  not  of  more  remote 
origin,  that  it  could  even  in  that  time  have  found  its  way  into  Roman 
i-vnrds  and  gardens;  much  less  that  it  shoiihl  have  superseded,  (as  it 
|»rar«  to  have  done)  every  other  device  on  board  of  their  ships.  New 
«nd  foreign  inventions  were  neither  circulated  so  easily  nor  adopted  so 
rmuiily  in  ancient  a.*  in  moilern  days;  and  even  now  a  long  time  would 
vUp»e  before  inventions  of  this  kind  would  find  their  way  through  the 
world  and  longer  liefore  they  became  generally  adopted.  But  had  the 
inips  of  u  hich  Pliny  speaks  been  of  recent  introduction,  he  would  ccr- 
Unlv  have  said  so;  and  had  they  been  the  'water  forcers'  of  Ctesibius, 
to  which  he  alludes  in  bis  7lh  Book,  he  could  scarcely  have  avoided  re- 
eoniiiig  the  fact. 

That  the  aiitlia  was  the  atmospheric  pump  would  also  appear  from  its 
♦tnployinent  in  ships.  There  is  no  reason  to  suppose  that  more  than  three 
kinds  of  marine  pumps  were  ever  in  use — the  chain  pump,  the  screw,  and 
ihc  common  pump.  In  the  chapter  on  the  former  we  have  shown  that  it 
was  not  known  or  used  by  the  Greeks  and  Ron.ans.  Tlic  screw  was  first 
*doptCiJ  as  a  ship  pump  by  Archimedes,  (see  page  133)  and  hence  it 
Ufiujil  seem  tha  the  lust  only  could  be  intended  by  more  ancient  as  well 
%«  »ahiie<pient  authors  when  speaking  of  the  aiitlla  :  that  it  was  so,  anti- 
<fiiariaii4  generally  admit.  "The  well,  (says  Fosbroke  in  his  article  on  the 
» excels  of  the  classical  ancients)  was  eniplied  by  the  winding  screw  of 
Archimedes  now  in  use  ;  but  in  other  ships  by  the  anilia  or  pump."  It  is 
of  the  latter  that  Pollux  speaks,  and  to  it  Tacitus  refers  when  raention'ng 
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die  Areck  of  *ome  vessels  in  which  Gerroanicus  and  his  legions  sailed 
dowu  the  Amisiu  iiitu  the  Genniin  oceaii:  "the  billows  hroke  over  llietn 
witli  such  violrnct?,  tliat  all  the  puni^is  at  work  could  not  discharge  tie 
water."      [B.  ii,  23.      Murphy's  Translation.] 

Mnrtial,  thi;  Roiniin  poet,  speaks  of  the  antlia  as  a  machine  'to  draw  up 
water  ;'  accordin-r  to  Aiiisworlli,  'a  piiniji.'  Kircher  figures  and  describe* 
the  old  wooden  pump  as  the  aullin.     [.Mundus  Subterraneus,  torn,  ii,  196.1 

The  Romans  appear  to  have  i-iuploved  it  exclusively  or  nearly  so  io 
their  navy;  and  even  m  that  of  the  Greeks  it  is  not  probable  that  the 
screw  was  extensively  adopted,  on  account  of  its  not  being  so  well  adatv 
ted  for  ships  as  the  other.  Oi'  iliis  the  former  people  seem  to  have  been 
convinced  ;  they  prefi^rred  the  pump  and  all  modern  nations  have  con 
firmed  their  judgment.  Had  ihey  used  the  screw  to  any  extent  it 
would  have  been  contiimed  in  European  vessels  after  the  fall  of  the  Em- 
pire, when  innst  of  their  arts  and  customs  were  nalurallv  and  necessarily 
continued — their  ship  pum|>s  us  well  as  their  shi()8.  /But  as  the  atmos- 
pheric pump  only  has  so  come  down,  we  infer  thut  the  machine  now  com- 
monly used  to  discharge  water  from  the  holds  of  our  vessels  is  identical, 
or  nearly  so,  with  that  employed  by  Roman  sailors  of  old.  J 

The  oldest  modification  of  the  ship  pump  appears   to  have   been  that     J 
formerly  known  as  the  '  bilge'  or  '  burr'  pnmp  ;  and  it  was  the  simplest,  fl 
<br  it  had  but  one  distinct  viilve,   viz.  'the   lower  box,'  as  the   one   which  1 
letains  the  water  in  a  [uiinp   is   sometimes  named.      This   pump   kept   its 
place  in  ships  till  the  last  century,  and  imiy  yet  occasionally  be   mm   with 
in  those  of  Kurope.     It  was  often  worked  without  a  lever,  but   its    pecu- 
liarity consisted  principally  in  the  construction   of  the   piston   or  sucker.* 
It  differed  from  ihe  ordinaiy  pump   "in    that  it  hath  a  staff,  six,  seven  or 
eight  foot  lonff.  with  u  bur  of  wood  whereunto  the  leather  is   nailed,   and 
this  serves  instead  of  a  box  ;  so  two  men  standing  over  the  pump,  (hrutt 
down  this  staff,  to  the  middle  wliereof  is  fastened  a  rope  for  six,  eiirht  or 
ten  to  hale  by,  and  so  tliey  pull  it  up  and  down."      This  account  pulilishrd 
nearly  200  years  ago,   might   be   suthcieiitly   descriptive    then,    when   the^ 
pump  was  ill  eunimon  use,  but  few  persons  could  now    realize   from    it   a  9 
correct  idea  of  the  substitute  fur  ihe  ordinary  sucker.     It  is   however   ra- 
ther more  explanatory  than  the  nccouiits  given  in  later  works.      Jn  some  it 
has  Keen  described  as  "a  long  stall  with  n  hurr  at  the  end  to  punin  up  the 
bilge  water."      Here  the  burr  only  is  mentioned,  not  the  leather,  and    the 
idea  imparted  is  that  of  a  solid  piston,  such  as  are  used  in  forcing  pumi>s. 

The  sucker  of  the  bilge  pump  consists  of  a  hollow  cone  or  truncated  cone 
of  strong  leaiher,  the  base  being  eipial  in  diameler  to  that  of  the  txirap 
chamber  or  cylinder.  It  is  inverted  and  nailed  to  the  hiwer  end  of  the 
rod.  The  lower  edge  of  the  leather  resting  against  the  burr.  Wbei: 
thrust  down  it  collapses  and  permits  the  water  to  pass  between  it  and  the 
sides  of  the  chamher,  and  when  its  motion  is  reversed,  the  weight  of  thn 
liquid  column  above  it,  presses  it  out  again.  To  prevent  the  cone  from 
sagging,  three  strips  of  leather  are  se  A'ed  to  its  upjier  part  at  equal  dis- 
tances I'rom  each  other,  and  their  other  ends  nailed  to  the  rod.  (See 
No.  85.)  The  action  of  this  sucker  is  something  like  moving  a  pamsol 
up  and  down  in  water;  the  sides  close  as  the  rod  descends  ana  open 
when  it  rises.  It  is  the  simplest  tnodificiition  of  the  sucker  known  and 
probably  the  most  ancient.  It  is  figured  by  Agrieola,  [vide  C  in  No.  88)  but 
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ii  m  llientioDed  by  Bulidor,  Switzer,  Desaguliers  or  Hachette ;  nor  has  i* 
Iwfii  iiuliml  liv  rcore  recent  writers,  with  the  exception  ol'  Mr.  Milling. 
toii'diMJ  [>erli»p»  one  or  two  others.  It  has  long  been  known  in  goni« 
nn>  of  the  Lfnited  Staici.  We  noticed  it  twenty  years  am  at  New 
BocMIe,  Westchester  county,  in  this  stiite,  (Xew-Vork)  ftnd  were  in- 
fiirmcj  hy  a  pump  maker  there,  tlmt  they  " always  liad  it."  It  is  nol 
liuueier  anivereally  known,  for  in  1S31  a  p.itent  was  taken  out  ftjr  it."" 

There  is  another  application  of  the 
burr  pump  in  ships  that  is  probably 
due  to  old  navigators.  We  allude  to 
the  use  of  those  portable  instruments 
which,  says  an  old  author,  "are  made 
of  reed,  cane,  or  laten,  [brass]  that  sea- 
men  put  down  into  their  casks  to  pump 
up  the  drink,  for  they  use  no  spick- 
els."  No.  85  represents  one,  with  a 
separate  view  of  the  sucker,  from  an 
illustrated  eiiition  of  Virgil,  of  the  16th 
cpiitury.  They  appear  to  be  of  con 
sidorable  antiijuity  and  were  jierhaps 
used  for  the  same  purpose  by  the  an- 
cient sailors  of  'Ivre  and  Cartliaee, 
Greece  and  Home.  No.  86  is  a  figure 
ol"  the  common  liquor  pump,  derived 
from  riie  former.  It  is  from  L' Art  Ju 
Dixlillutcur,  in  '  DcKriptionr  dci  Arts  tt 
Metiers,'  folio,  Paris,  1761.  The  se- 
parate section  of  the  lower  part  shows 
the  'boxes'  to  have  been  similar  to 
those  now  often  used.  Ancjther  sucker 
Sfigiircd  with  a  spherical  valve;  a  boy's  marble,  or  a  small  ball  of  metal 
ping  placed  loosely  over  the  orifice,  instead  of  a  clack.  It  was  at  that 
time  mmle  Iwith  of  tin  plate  and  of  copper  as  at  present.  One  of  these 
pumps  is  mentioned  by  Conrad  Gesner,  as  constituting  part  of  a  ptirlalile 
Italian  distillery,  in  the  former  part  of  the  16th  century,  at  which  period 
it  gectns  to  have  lieen  common.      See  a  reference  to  ir,  paee  218. 

Ship  pumps  seem  to  have  been  made  nf  bored  wooden  logs  since  the 
days  of  the  elder  Pliny,  and  probably  were  so  by  both  Gri'eks  and  Ro- 
mans long  before  his  lime.  We  learn  that  they  were  made  by  ship- 
tcrishtt,  i.  e.  by  a  certain  class  of  them.*  At  the  present  day,  every 
person  knows  that  wooden  putnps  are  oftener  to  be  found  in  ships  than 
any  other :  this  has  always  been  the  case.  It  is  to  them  only  that  refe- 
rence is  made  in  the  relations  of  early  voyages.  The  vessels  of  Coium- 
bus,"*  Vasco  de  Gama  and  Magalhanes,  were  furnished  with  them;  indeed 
no  other  kind  appears  to  have  been  used  by  old  European  navit^tors. 
From  the  importance  of  efficient  machines  to  raise  water  from  ships,  it 
may  reasonably  l>e  supposed  that  if  any  nation  had  possession  of  a  su[>e- 
rior  one,  it  would  soon  have  lieen  adopted  iiy  the  rest  ;  but  there  is  not 
the  slightest  intimiition  of  any  diffi-vence  between  them.  The  pump  in 
Spanish,  Portuguese,  English  and  [•"rencb  vessels,  is  spoken  of  as  com- 
mon; as   much   so  as  the  anchor  or  rudder:  thus — when  the    T'7/«nVi  one 
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of  Magali.anes'  fleet,  put  into  St.  Jago  on  her  return  in  1522,  aboativu 
Bent  ashore  for  provisions,  and  "some  negroes  to  assist  in  working  At 
puinp.t,  many  of  the  ship's  company  being  sick,  and  the  leaks  having  m 
croasod.'"*     In  the  account  of  Frobisher's  tliird  voyage  in  search  of  a 
north-west  pussagi-  in  1578,  the  Anne  Francis  having  run   on  a  sunken 
rock,  "tiiey  hud  alK>ve  two  tliousand  strokes  together  at  the  pumjit  be 
fore  thoy  could  mukc   tiioir  shippe   free  of  the   water,   so  sore  she  wm 
hrused."''     In  the  voyage  of  some  English  vessels  to   (he  north  the  fol- 
lowing year,  one  was  nearly  lost;  "by  mischance  the  shippe  was  bilged 
on   the  griipnell   of  the  Pavos,   [another  vessel]  whereby  the  company 
[owners]  had  sustained  great  losses,  if  the  chiefest  part  of  their  goods 
hud  not  bet-n  luytle  into  the   Pavos .  for  notwithstanding  their  ptimjnMg 
with  three  pumpcn,  heaving  out  water  with  buckets  and  all  the  best  shifts 
I  hey  could  make,  the  shippe  was  halfe  full  of  water  ere  the  leake  could 
be  found  an<l  stopt."*     In   November   1599,  two  large  Portuguese  ships 
arrived  at  Terceira  in  distress,  having  been  separated  in  a  storm,  during 
which  they  "  were  forced  to  use  all  their  pumpet"  to  keep  afloat.'     Ta- 
vernier  sailed  in  1G52,  from  the  Persian  Gulf  to  Maslipatan   in   a  large 
ship  belonging  to  tiie  king  of  Golconda; — a  storm  arose  and  became  so 
violent  that  the  water  "rowl'd  in  from  stem  to   stern,  and  llie  mischief 
was  that  our  pumpes  were  nought."     Fortunately  several  bales  of  leather 
were  on  board,  of  which  they  made  bags  or  buckets,  "which  being  let 
down  from  the  masts  with  pulleys  through  certain  great  holes  which  were 
cut  in  the  deck,  drew  up  a  vast  quantity  of  water."* 

Wooden  pumps,  with  and  without  metallic  cylinders  and  boxes,  are  still 
common  in  European  and  American  ships  of  war.  The  latter  with  few 
exceptions  have  no  other.  A  description  of  those  on  board  the  North  Ca- 
.roiina,  a  ship  of  the  lino,  may  possibly  interest  some  readers.  This  ves- 
sel has  six.  They  are  large  trees  bored  out  and  lined  with  lead.  They 
reach  from  the  surface  of  the  main  gun  deck  to  the  well,  a  distance  of 
twenty-thro»;  feel.  A  brass  cylinder,  2  feet  9  inches  long  and  9  inches 
bore,  in  wiiich  the  piston  works,  is  let  into  the  upper  part  of  each; 
The  piston  rods  (of  iron)  pass  through  the  centre  of  a  guide  piece,  se- 
cured over  e^■e^y  pump,  and  are  thus  kept  from  deviating  from  a  jwrpen- 
dicular  position.  They  are  connected  to  the  levers  by  slinefs  as  in  the 
common  brass  lifting  pump  and  some  others.  The  levers  are  double,  and 
shaped  like  those  of  fire-engines,  staves  of  wood  iHsitig  slipped  through 
the  rings  whenever  the  pumps  are  worked.  Each  lever  works  two  pumps; 
and  the  length  of  stroke,  or  the  distance  through  which  the  pistons  move 
in  the  cylinders,  is  14  inches.  The  pistons  or  upper  boxes  are  of  brass 
with  butterfly  valves;  the  band  of  leather  round  each  is  secured  by 
screws,  (in  ]>lace  of  nails  in  the  wooden  box.) 

'  Necessity  is  the  mother  of  invention :'  the  truth  of  this  proverb  is  often 
illustrated  by  seamen,  especially  as  regards  the  raising  of  water.  Nu- 
merous are  the  instances  in  which  they  have  relieved  themselves  from 
situations  so  alarming  as  to  paralyze  the  Inventive  faculties  of  most 
other  men ;  either  by  devices  to  work  the  ordinary  jiumps  when 
riieir  strength  was  exhausted,  or  in  producing  substitutes  for  them  when 
worn  out.  A  singular  example  of  the  latter  is  mentioned  by  Dampier, 
which  may  be  of  service  to  sailors.  It  is  attributed  to  a  people  who  are 
not  remai^able  for  their  contributions  to  the  useful  arts,  and  on  that  account 

*  B:irnev'«  Voya;re«.  vol.  i,  112.  ^  llaekluyt's  Colleclion  or  Voyages.  &c.  Loo 
!.'>98,  l>lBck'letler,'vol.  iii,  8*.  "Ibid.  vol.  i,  421.  'Artley'n  Collection  of  VoyagM 
Lon.  I74U,  vol.  i,  -337.      •  Travels  in  India,  Lon.  1078,  p.  90. 
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itwoiiid  hardly  be  just  to  omit  it.     In   the  course  of  Dampier'g  voyage 

roiinJ  ibtt  World,  while  sailing  (in  1687)  alnn^  the  west   siile  of  MinJa- 

luin,  oDe  of  the  Phili|ipine  Islands,  lie  concluded   to   send    the   carpeiilcra 

uliore  10  ftt  down  some  trees  for   a    bowsprit  and   topmast.      "Ami   our 

pumps  being  faulty  and  not  serviceable,  they   did   cut   a    tree   to   make   a 

I'limf).     They  first  squared  it,  then  sawed  it  in  the  middle,  and   then   hol- 

luwcd  each  side  exactly.     The  two  hollow  sides  were  made    big   enough 

lo  contain  a  pump-box  in  the  rnidst  of  lliera  both,  when  they  were  joined 

luyelher;  and  it  required  their  utmost  skill  to  close  them   exactly   to   the 

nuking  .i  tight  cylinder  for  the   pumpbox,   being  unaccustomed  to  such 

«wk.     We  learned  this  way  of  pump-making  from   the  Sjitiniartis,  who 

nmke  their  pumps  that  they  use  in  their  ships  in  the  .South  Seas  alter   this 

miiMner:  and  I  am  confident  that  there  are  no  better   hand-pumps  in   the 

world  tlian  they  have."     (Dampicr's  Voyages,  vol.  i,   443.)     In   the  ab- 

lence   of  tools  to  bore  logs  the  device  is  an  excellent  one,  and  in  some 

^rticular^  such  a  pump  would  be  superior  to  the   common  one.     It  ia 

aol  so  readily  made  as  one  of  planks,  but  it  is  more  durable. 

Various  ingenious  modes  of  working  their  pumps  have  l}ecn  devised 
by  seamen  and  others  ;  the  power  of  the  men  has  been  applied  as  in  the 
let  of  rowing — this  plan  by  far  the  most  efficient  is  adopted  in  the  French 
ii»vy.  A  rope  crossed  over  a  pulley  and  continued  in  opposite  directions 
on  a  ship'&  deck,  so  llmt  any  number  of  men  may  be  employed  at  the 
same  time,  lias  been  extensively  used  in  pumps  with  double  suckers,  as 
shown  at  No.  92.  Ropes  passed  through  blocks  and  cotinected  to  the 
brake  of  the  caramon  pump  have  also  been  worked  in  a  similar  way. 
CaptHin  Leslie,  in  a  voyage  from  Stockholm  to  this  country,  adopted  tlia 
fulliiwing  plan,  which  in  a  heavy  gale,  may  be  very  efficient:  '  He  fixed 
«  spar  alult,  one  end  of  which  was  ten  or  twelve  feet  above  the  tojj  of  his 
pnmps,  and  llie  other  projected  over  the  stern  :  to  each  end  he  fixed  a 
block  or  pulley.  He  then  fastened  a  rope  to  the  pump  rods,  and  after 
jmssing  it  through  btith  pulleys  along  the  spar,  dropped  it  into  the  sea 
•stern.  To  the  rope  he  fastened  a  cask  of  110  galhms  measurement  and 
coiitaining  alxnil  60  gallons  of  water.  This  cask  answered  as  a  balance 
weight,  and  every  motion  of  the  ship  from  the  roll  nf  the  sea  made  the 
rnocbinery  wotk.  When  the  stern  descended,  or  when  a  sea  or  any  agi 
son  of  the  water  raised  the  cask,  the  pump  rods  descended  ;  and  the 
Bntrary  motion  of  the  ship  niised  the  rods,  when  the  water  flowed  out 
'Fbe  ship  wa«  cleared  out  in  four  hours,  and  the  exhausted  crew  were 
of  course    greatly  relieved.' 

A  ship  pump  made  of  such  boards  or  plank,  as  are  commonly  'onnd  on 
board  of  larsje  vessels,  was  devised  by  Mr.  Perkins,  for  which  he  received 
a  gold  medal  from  the  Lond(m  Society  of  Artn.  It  is  figured  and  described 
in  the  3Sih  volume  of  the  Society's  Transactions. 

The  facility  with  which  wooden  pumps  are  made  and  repaired,  the 
cheapness  ot  their  material,  the  liltic  amount  of  friction  from  pistons 
Working  in  thcrn,  and  their  general  durubilily,  have  aUviiys  rendered  them 
mone  popular  than  others.  Like  many  of  our  ordinary  machines,  they 
•eem  to  have  been  silently  borne  down  the  stream  of  past  ages  to  the 
I5th  and  ICth  centuries,  when,  by  means  of  the  printing  press,  they  first 
emerge  into  notice  in  modern  times.  The  earliest  representation  of  one 
!  have  mot  with  in  print  is  in  the  German  translation  of  Vegetiug,  on  the 
ne  page  with  No.  S2,  the  bellows  pump :  No.  87,  on  next  page,  is  a  copy. 
Tl  is  sc^iiure.  ma<le  of  plank  and  apparently  designed  to  drain  a  pond  or 
tiiarsh.  The  piston  or  sucker,  which  is  separately  represented,  is  cylin- 
■I'iobI  and  vras  jierjiapa  intended  to  sh  iw  a  variation    In  the   constiuctioii 
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of  that  instrument.  It  has  no  ralVc  or 
clack,  but  apppBrs  to  l>e  a  modil  cation  of 
llie  one  used  in  the  old  iiilee  pun;p,  wliich 
was  sometimes  compared  to  a  'gunner's 
sponge.* 

There  are  numerous  proofs  in  oiJ  au 
thors,  that  pumps  were  common  in  ur/h  ic 
the  15lh  cenliirv,  since  llicv  are  mentinued 
in  the  eurl^  purl  of  the  liillowing  one,  as 
tilings  in  ordniHry.  In  lo46,  they  were 
used  to  some  extent  in  those  of  London, 
In.  the  'Practice  of  the  New  and  old  Phi- 
sicke,'  by  Conrad  Gesner,  (who  died  ii; 
1o6d)  translated  tiy  George  linker,  'one  of 
the  Queene's  maieslies  chiefe  cliirurgians  in 
ordinary,' and  (iedicaled  to  Elizalieth,  (Lon. 
black  letter,  15D9,)  is  a  description  of* 
Florentine  distijlifig  apparatus,  to  which  t 
No.  tn.   A.  D.  isii.  portable  pump  was  attached;  the   latter  is 

described  as  "an  instrument  which  is  so 
formed  that  the  water  by  sucking  is  forced  to  rise  up  and  run  forth,  as  the 
like  piaitice  is  nftcn  uneil  in  piu  of  water  or  wc/lcx."  Folio  21-5.  The  cele- 
brated inatheinatician,  necromancer,  atid  alchymist.  Dr.  .lolin  Dee,  who 
was  freipiently  consulted  liy  tjueen  Elizabeth,  had  a  piunp  in  the  well  be- 
longing to  his  house.  In  Beroald's  commentary  on  the  44lh  pro]K)sitioc  of 
Besson,  (the  chain  of  jiots)  he  observes  that  it  "operii  suns  intermission  en 
tirant  I'eau  de  tout  puits  facilement  tans  jtotitpcs."'  Sarpi,  who  first  dis- 
covered tlie  valves  of  the  veins,  compared  them  to  those  of  a  pump, 
'opening  to  let  the  blood  pass,  but  shutting  to  prevent  its  return.' 

But  pumps  had  not  wholly,  in  the  IGth  century,  superseded  the  old 
mode  uf  raisiiig  water  with  buckets  in  European  cities.  At  that  time  a 
great  |)iirlion  of  the  wells  were  open^-of  this,  numberless  it  timatiotis 
might  be  found.  Thus  in  Italy,  the  poet  Aurelli,  who  was  made  gover- 
nor of  a  city  by  Leo  X.  was  murdered  by  the  inhabitants  on  account  of  his 
lyratmy,  and  his  body  with  that  of  his  mule  thrown  into  a  well.  In  Lon- 
don, it  was  not  till  tlie  latter  part  of  the  following  cetitury  that  the  chaia 
and  pulley  disappeiiiej.  This  is  evident  from  the  (ollowing  enactment  of 
the  co(rui](m  couFicil  of  that  city  the  year  aCler  the  great  fire.  (1007)  "And 
for  the  effi'ctuiil  supplying  the  engines  and  S((uirts  with  water,  iiumps  are 
to  he  placed  in  all  wells:"* — a  proof  that  many  were  open  anil  the  water 
raised  in  buckets. 

Pmiips  are  also  described  in  old  works  on  Tiusbandry,  gardening,  3cc. 
from  which  it  apftoars  that  they  were  often  used  to  raise  water  for  irriga- 
tion. In  the  '.Systema  Agricultiirae,  bein?  the  mystery  of  Husbandry 
discovered  and  laid  open,'  Lon.  1G75,  directions  are  given  respecting  va- 
rious modes  of  making  and  working  them;  and  it  is  particularly  di- 
rected that  the  rods  be  made  of  such  a  length  as  to  permit  the  suckers  or 
'upper  boxes'  to  descend  at  every  stroke  below  (he  surface  of  the  water 
in  the  well  ;  this  it  is  observed,  'saves  much  trouble.'  The  same  remark 
accompanies  an  account  of  windmills  for  watering  land  [pumps  driven 
by  them]  in  the  old  '  Diclionarum  Rusticum.' 

In  the  mines  of  Hungary  putrips  were  i"arly  introduced,  but  at  whii' 
period  is  uncertain.     It  is  not  improbable  that   those   described   by  Agn- 

■Ttieutre  des  IiMtruaiens.  1379.       '' MailtiUid's  Ilislor)'  of  London,  p,  '297. 
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K>l»,'wcrc  similnr  to  such  aa  were  u»ed  in  some  of  the  same  mines  by  the 

PBiicienti,  and  have  always)  forriiud   pait  of 
«^  the  machinery  fur  dischiirpng  wuU-t  frora 

1^.  vA>.  them  since  ihu  fall  uf  the  Runuiii  umpire. 

All  that  arc  figured  in  the  De  Re  Metallica, 
are  extremely  simple,  and  with  one  excep- 
tion are  atmospheric  or  sucking  pumps. 
They  are  all  of  borc-d  logs.  Some  are  tiin- 
g!e  pumpa,  and  are  woiked  by  men  with 
levers,  cranks,  and  also  by  a  kind  uf  pendu- 
lum. Others  are  double,  triple,  iVc,  and 
worked  by  water  wheels.  Of  lh<»  last  aome 
are  arranged  in  rows,  and  the  piston  rodsi 
raised  by  cams  as  in  a  stamping  mill;  the 
weight  of  ihe  rods  carrying  them  down. 
Others  are  placed  in  tiers  one  above  ano- 
ther; the  lowest  one  raises  the  water  from 
the  Ixittom  of  the  shiift  or  well,  uiid  dis- 
charges it  inU>  a  reservoir  at  its  upper  end: 
into  this  reservoir  the  next  pump  is  pliiued, 
which  raises  it  inlo  a  higher  one,  and  so  on 
to  the  top.  A  pump  of  tliis  kind  from  Ag 
ricola.  has  been  often  republished.  It  was 
copied  by  Bockler  and  others.  A  figure  of 
it  is  inserted  in  Gregory's  Mechanics,  Ja- 
mieson'g  Dictionary,  Sec. 

We  have  selected  No.  88,  as  a  specimen 
of  a  single  pump,  and  of  upper  and  lower 
noxi-s.  A,  A,  represent  two  of  the  latter ;  the  upper  |>iirt  of  one  is  tapered  to 
6l  it  into  the  lower  end  of  the  pump  log  as  is  yet  anmetimes  done.  D,  B,  an 
Upper  Ijox,  of  a  kind  occasionally  used  at  the  present  time.    The  valve  or 

clack  is  a  disk  laid  looselv  over 
the  apertures,  and  is  kept  in  its 
place  by  the  rod,  which  pusses 
through  its  centre  and  ailinits  it 
to  rise  and  full.  C,  the  conical 
sucker  referred  to,  p.  214. 

The  ntinexed  figure  of  a 
double  punij)  is  from  Fludd's 
works.  It  appears  to  have 
been  sketched  by  him  while  in 
Germany,  from  one  in  actual 
use.  It  ia  represented  as 
worked  by  a  water  wheel, 
that,  by  means  of  cog  wheels 
transmitted  mniion  to  the  hori- 
zontal shaft;  the  cams  on  which 
alternately  depressed  one  end 
of  the  levers  to  which  the  pump 
rods  were  attached,  and  thus 
raised  tie  latter.  They  de- 
scended hy  their  own  weight, 
as  will  appear  fmm  an  inspec- 
tion of  the  figure.  The  separate  view  of  a  rod  is  ii. tended  to  sliow  the 
(nplication  of  cranks  on  the   horizontal  shaft,   in  place  of  cams  and   lu- 
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vera.  The  lowe?  ends  of  the  pumps  are  insetted  in  baskets  which  act  as 
fctrainers.  A  double  scries  of  pumps,  (one  over  the  other)  as  employed 
iu  a  mine  at  Markirch  in  Germany,  is  also  figured  by  Fludd.  It  is  inte- 
resting on  account  of  the  mode  of  communicating  motion  to  the  rods.  A 
crank  on  the  axle  of  a  water  wheel  imparts  motitin  to  a  walking  beam,  as 
in  a  steani  engine ;  (in  the  latter  the  operation  is  reversed)  and  the  pumji 
rods  are  attaciied  to  both  ends  of  the  beam.* 

The  idea  may  probably  occur  to  the  general  reader,  diat  the  raechani 
cat  talent  and  enterprise  of  the  preceding  and  present  century,  which 
have  produced  so  many  original  machines  and  scarcely  left  an  ancient 
device  unimproved,  must  have  imparted  to  the  old  atmospheric  pump  new 
features,  and  made  it  capable  of  increased  results.  It  is  true  that  few  de- 
vices have  occupied  a  greater  share  of  attention,  and  on  none  have  more  e^ 
forts  to  improve  them  been  bestowed ;  but  how  far  these  have  been  auc> 
cesiiful  may  be  inferred  from  the  fact — that  notwithstanding  the  endless 
variety  of  forms  into  which  its  working  parts  have  been  changed,  and 
the  great  number  of  alledged  improvements  in  suckers,  pistons,  valves,  tec 
the  machine  as  made  by  the  ancients,  still  generally  prevails;  so  that 
were  some  of  tlieir  pump  makers  to  reappear,  and  visit  their  fellow  crafls- 
mcn  throughout  the  world,  they  would  Bnd  little  difficulty  in  resuming 
their  occupation. 

The  pump,  although  a  simple  instrument,  is  confined  chiefly  to  ci%'ilixed 
states,  while  the  extent  to  which  it  is  employed,  indicates  pretty  correctly 
the  degree  of  refinement  attained  by  the  people  who  possess  it.  Whether 
it  was  known  to  the  Egyptians  under  the  Pharaohs  or  not,  may  be  a 
question ;  but  when  Egypt  under  the  Greeks  realized  a  partial  revix-al  of 
her  former  glory,  the  forcing  pump  we  know  made  its  appearance  there; 
and  under  the  Bccnnd  Ptolemy,  when  that  country  was  a  school  for  the 
rest  of  the  world,  <t$  most  valuable  modifications  were  known.  In  suc- 
ceeding a<re.s,  the  atmospheric  ])ump  has  been  a  regular  attendant  on  the 
revival  of  learning  and  of  the  arts.  Wherever  these  have  made  the  most 
progress,  tlmre  '.he  pump  is  mostly  used.  In  Germany,  France,  Holland, 
Great  Britain,  and  the  United  States,  it  is  most  extensively  employed.  In 
Spain.  Portugal,  Mexico  and  South  America,  but  partially  so.  In  Turkey, 
Egypt,  Gre-ico,  &c.  still  less;  while  in  Asia  and  Africa,  generally,  it  is  un- 
known.**  Kgy)>t,  even  under  the  auspices  of  Mohammed  Ali,  is  not  yet  pre- 
pare to  receive  it  again.  Its  history  in  any  country  is  that  of  the  people. 
Take  T/i)s:$ia  for  an  example :  of  the  devices  for  raising  water  there,  we 
are  informed  the  inhabitants  use  the  swape,  a  rope  passing  over  a  pulley, 
(Nos  13  and  14)  a  drum  on  which  a  rope  is  wound,  (No.  23)  horizontal 
and  vnrtic.al  wheels,  and  lastly  pumps;  these  last  it  is  said,  were  formerly 
very  rare,  but  are  now  become  common.'  Just  so  of  the  people,  they  were 
fiirmerly  very  rude  and  ignorant,  but  are  now  becoming  enlightened. 

•Do  Natiirie  Siniia  fieu  Technics  macrocoRmi  bistoria,  pp.  453.  4.V>. 
'  Ai  ref;:ir<ls  a  knowledge  of  the  pump  in  China,  see  remarks  on  Cbinera  bellows,  in 
Uip  noxl  Book. 
'LyuU's  Chu-octereflhe  Rassians,  and  a  detailed  history  ofMoscow.  Lon.  1323,  p  G& 
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TtlAT  the  public  hydraulic  machinery  of  the  Romans  was  of  the  most 
durable  malprials  siirticienlly  appears  iVom  Vitruviiis,  The  chain  of  pots 
describtHl  by  him  was,  contrary  to  the  practice  in  Asia  and  Egypt,  wholly 
of  mrlal — tlie  chain  was  of  iron  and  the  buckets  of  brass.  The  pimips 
of  CtesibiuiS  that  were  employed  in  raising  water  to  supply  some  p\'  the 
public  fountains,  he  informs  us,  were  also  of  brass  and  the  pipes  of  cop- 
per or  lead.  Some  of  the  oldest  ])umps  extant  in  Europe  are  formed  al- 
together of  the  latter.  Leaden  pumps  were  very  common  in  the  Ifilh 
ntury.  They  are  mentioned  by  old  physicians  among  the  cni>:»e?  ofcer- 
,n  diseases  in  families  that  drank  wafer  out  of  them.  The  pump  of  tho 
lebnitcd  alchyniist,  Dee,  alluded  to  in  the  last  chapter,  was  a  leaden 
e;  and  which  he  expected  to  l>e  able  to  transmute  into  gold,  by  iih-utis 
of  the  elixir  or  the  philosopher's  stone,  which  he  sjH'nt  his  life  mid  fortune 
n  seeking.  In  the  vicinity  of  some  English  lead  mines  >iurh  pumps  have 
for  manv  centuries  tx-en  in  use.  The  Italian  pump  that  led  to  the  disco- 
*rrv  of  nlmospheric  pressure  was  also  a  metallic  one. 
The  introduction  of  metais  \n  the  construction  of  pumps  greatly  ex- 
inded  tiieir  application  and  usefulness,  for  they  were  then  no  longer  re- 
red  to  |je  placed  directly  orer  the  liquids  they  raised.  Those  of  wood 
re  necessarily  placed  within  the  wells  out  of  which  they  pumped 
water;  but  when  the  working  cylinder  and  pipes  were  of  copper  or 
lead,  the  former  might  f>e  in  the  interior  of  a  buildiii!^,  while  the  reservoir 
or  well  from  whence  it  drew  water,  was  at  a  distance  outside ;  the 
pipes  forming  an  uir-tight  communication  betwoi'n  them  under  the  surface 
of  the  ground. 

The  following  figure,  (No.  90)  represents  a  common  metallic  siickins^ 
pump  ;  the  cylinder  of  cast-iron  or  copper,  and  the  pipes  of  lead,  it 
will  serve  to  explain  the  operation  of  such  machines  in  detail,  and  to 
show  the  extent  of  their  application.  When  this  pump  is  first  need,  water 
IS  poured  into  the  cylinder  to  moisten  the  leather  round  the  sucker,  and 
the  piece?  which  form  the  clacks  or  valves;  it  also  prevents  air  from  pas- 
sing down  between  the  sucker  and  the  sides  of  the  cyhiidcr  when  llie 
former  is  raised.  Now  the  atmosphere  rests  ecpially  on  both  orifices  of 
tho  pif>e.  the  open  one  in  the  well,  and  the  other  covered  by  a  valve  al 
ibe  bottom  of  the  cylinder :  in  other  words,  it  presses  c(|iially  on  the 
in  the  cylind<?r  and  in  the  well  %vhich  covers  both  ;•  but  when  by 

•Not  nli^oliitely  so.  or  in  i>  «tricl  iihilit^ioniiirui  Hense,  but  iKb  ttiir<!rtiice  la  M>  uliglil  iu 
altiliidc  i>r  2-'i  or  28  feet,  (tlio  ordiiiar)  liiiiiu)  as  to  tw  iunpprer'iil'lc  in  n  practica 
I'llo)'  view. 
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the  depression  of  tlie  Kandle  or  lever,  the  sucker  is  raised,  ihis  eqiiaTitv  ii 
destroyed,  for  the  atmospheric  column  over  the  cylinder,  and  conso(|uentIv 

over  the  viilve  O  is  lifted  up,  and 
sustained  by  ihe  sucker  alone;  it 
therefore  no  longer  presses  on  the 
upper  orifice,  while  its  action  on  the 
lower  one  remains  undiminished. 
Then  as  the  external  air  cannot  en- 
ter the  pipe  to  restore  the  equili- 
brium except  ilirnugh  its  orifice  im- 
mersed in  ihe  well ;  in  its  efforts  to 
do  so,  (if  the  expression  is  allowa- 
ble^  't  necessarily  drives  the  water 
before  it  on  every  ascent  of  the 
sucker,  until  the  air  previously  con- 
tained in  the  pipe  is  expelled,  and 
holh  pipe  and  cylinder  become  fil'cd 
with  water. 

The  subsequent  operation  is  oh- 
vious.  When  the  sucker  descends, 
the  clack  on  its  upper  surface  is  mi- 
sed  by  the  resistance  of  the  water 
through  which  it  passes  ;  and  when 
at  the  hottom  of  the  cylinder,  thii 
dark  closes  by  its  own  weight:  so 
that  when  the  sucker  is  again  eleva- 
ted, besides  overcoming  the  resis- 
tance of  the  atmosphere,  it  carries 
lip  all  the  wafer  above  il,  and  which  it  dischari^es  at  the  spout — at  the 
same  time  the  atmosphere  resting  uiuiistiirhed  on  the  water  in  the  well, 
pushes  up  a  fresh  portion  into  tlie  vacuity  formed  in  the  cylinder,  and  the 
valve  O  prevents  its  return. 

Tne  hnrizontal  distance  -iietween  the  cylinder  or  working  part  of 
the  pump  and  the  well  is,  in  theory  unlimited,  hut  in  prarlice  it  seldom 
exceeds  one  or  two  hundred  feet.  In  all  cases  where  long  pipes  are 
used,  their  bore  should  be  enlarged  in  proportion  to  their  length,  or  the 
velocity  with  which  the  sucker  is  raised,  should  be  diminished  ;  and  for 
this  reason — time  is  required  to  overcome  the  inertia  and  friction  of  long 
columns  of  water  in  pipes ;  hence  a  sucker  should  never  be  raised  faster 
than  the  pipe  car  furnish  water  to  fill  the  vacuity  formed  by  its  ascent. 
In  pumps  whose  pipes  have  too  small  a  bore,  it  frequently  happens  that 
the  sucker  is  forcibly  driven  hack  when  quickly  raised,  because  the  water 
had  not  time  to  rush  throiii;h  the  pipe  and  fill  the  vacuity  in  the  cylinder 
tu  rajridly  as  il  was  formed.  The  bore  of  wooilen  pumps  being  equal 
throughout,  the  water  is  not  pinched  or  wiie-drawn  while  passing 
through  them,  as  in  most  of  those  of  metal.  This  is  one  reason  why  they 
generally  work  easier  than  the  latter.  It  is  immaterial  in  what  part  of 
the  pipe  the  valve  O  is  :  it  is  usually  plnced  at  the  upper  end  for  the  con- 
venience of  getting  to  it  when  requiring  re])airs.  When  it  fits  close  to 
its  seat,  the  water  always  remains  suspended  in  the  pipe,  (unless  the  latter  ^ 
should  ho  defective)   as  mercury  is  sustained  in  a  Imromeler  lube. 

In  cold  climales  it  is  a  matter  of  some  importance  t(\  prevent  water  ir 
pumps  from  freezing.  Metallic  pumps  are,  from  the  superior  conductinff 
property  of  their  material,  more  subject  to  lliis  evil  ihan  those  of  wooi 
Of  various  devices  a  few  may  be  mentioned.     The  old  mode  of  encloaing 
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pump  in  a  case  containing   tanners'  bark,   chnrcnal,   tlie  dung  of  hor- 

t  ilio  vnlve  O  from  silting  close 


continiietl.  Ot)i( 
|0  i'»  «eat,  or  to  open  it,  by  pressing  "he  sucker  upon  a  pin  altuched  to 
it,  SO  tliat  the  contents  of  the  cylinder  and  pipe  may  descend  into  the  well  ; 
henc«  every  time  the  pump  is  used  a  fresh  portion  is  required  to  "prime 
it.'  A  more  common  method  is  lo  connect  the  lower  part  of  the  cylinder 
with  the  suction  pi[)e  by  a  stop  cock  and  short  tube,  as  at  C.  By  opening 
the  cock  the  water  in  tlie  pump  descends  through  it  into  the  pipe.  But 
the  usual  pnictice  in  this  country,  is  to  make  the  cylinder  of  such  a  length 
that  two  or  tJiree  fi^et  of  it  may  be  l>clow  the  surface  of  the  eroiiml,  and 
out  of  the  reach  of  the  frost ;  about  a  foot  above  the  valve  O  or  lower 
box,  a  plain  cock  is  inserted  :  in  winter  this  cock  is  left  partinlly  open, 
•JW  Uie  water  above  escapes  slowly  through  it  into  the  ground;  while 
that  belnw,  into  whidi  the  sucker  is  made  to  extend  at  its  lowest  position, 
serves  instead  of  fresh  •priming.' 

A  similar  device  is  attached  lo  the  lateral  pipes  thai  convey  the   watet 
of  the  Schuylkill  into  the  houses  of  Philadelphia. 

Some  persons  can  scarcely  conceive  how  the  atmosphere  can  have  ac 
cess  to  a  well,  while  the  latter  is  covered  with  slabs  of  stone  or  timber, 
and  a  thick  bed  of  clay  or  mould  over  all.  They  forget  that  it  is  the  ra- 
rity of  air,  the  extreme  minuteness  of  its  panicles,  which  enaliles  it  to 
circulate  through  the  finest  soils,  as  freely  as  people  pass  through  the  va- 
rious chambers  and  passages  of  their  dwellings.  Were  the  sides  of  a 
well  coated,  and  its  mouth  covered  wiili  the  best  hydraulic  cement— no 
sooner  could  the  sucker  or  piston  of  a  ptimp  produce  a  jiartial  vacuum 
within  it,  than  the  air  would  stream  throuirh  the  cement  as  water  through 
a  colander  or  shower  bath.  And  if  the  top  and  sides  were  reiidcrt'd  pep- 
fecllv  air-tight,  it  would  then  enter  the  bottom  and  ascend  through  the 
water  without  any  perceptible  obstruction.  If  It  were  jiossible  to  make 
a  well  itn[>ervious  to  air,  no  water  could  be  raist-d  from  it  by  one  of  these 
j>unvps:  no  movement  of  the  sucker  could  then  bring  it  up.  \Vc  might 
examine  the  apparatus  with  solicitude — remove  its  defecis  with  care — 
consult  thi'  learned  with  the  Florentines,  or  get  enraged  like  the  Spanish 
pump  milker  of  Seville; — -itill,  tlie  water,  like  Glendower's  spirits  of  the 
deep,  would  in  spite  of  all  our  efforts  refuse  to  rise. 

When  the  atmospheric  pump  is  required  to  raise  water  from  a  perpen- 
dicular depth,  not  exceeding  26  or  28  feet,  (i.  e.  in  those  parts  of  the  earth 
where  the  mercury  in  the  barometer  generally  stands  at  30  inches)  the 
length  of  the  cylinder  need  not  exceed  that  which  is  required  for  the 
stroke  of  the  sucker.  In|Al,L  cgses,  the  perpendicular  distance  between 
the  sucker,  when  at  thev  highest  point  of  its  stroke  aiid  the  level  of  the 
water,  should  never  exrefiii  the  same  number  of  feet  as  the  tube  of  a  W 
rorneter,  at  the  place  where  the  pump  is  to  be  used,  contains  inihcs  of  mer- 
cury. But  in  the  temperate  zones  where  pumps  are  chiefly  u-ied,  the  pres- 
sure of  the  air  varies  sometimes  to  the  extent  of  two  inr'nes  of  mercury,  or 
Itetween  two  and  three  feet  of  water;  hence  the  distance  should  be  some 
thing  less.  And  a*  the  level  of  water  in  wells  is  su})iert  to  changes,  it  is  tht 
laudable  practice  of  pump  makers  to  construct  the  cylinder  and  rod  of  the 
sucker,  of  such  a  length,  that  the  latter  may  always  work  within  8G  or  28 
feet  of  the  water. 

By  keeping  the  aljove   rule   in   view,   wafer   may   lie   raised   by   these 
pumps  from  wells  of  all    depths;   for   after    it   has   once   entere!d  the   cy- 
linder, it  is  raised  thence  by  the  sucker  independently  of  the  atmosphere, 
and  to  any  height  lo  which  the  cylinder  is  extended.      This  seems  to  have 
■    hrrn  well  understood  by  old  engineers.      The  remark  of 'hose  who  made 
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the  Florentine  pump  is  a  proof;  and  others  might  be  adJuceJ  f.-om  raucl: 
older  authorities.  I'late  48,  in  Bcsson's  Theatre,  represents  an  atroo» 
pheric  pump  raising  water  from  a  river  to  the  top  of  a  high  tower.  The 
cylinder  is  square,  formed  of  plank  and  bound  with  iron  clamps.  It  i» 
ehown  as  near\y  Jour  tima  the  length  of  the  suction  pippi  which  is  ruuud. 
When  pump  rods  are  required  of  great  length,  tliey  should  be  made  of 
(tine.  This  wood  does  not  warp,  and  as  it  is  rather  lighter  than  water,  itt 
wcii^ht  has  not  to  be  overcome  (like  iron  rods)  when  raising  the  sucker. 

A  ciriTu.nstiince  to  which  we  have  slightly  alluded,  was  announced  in 
liie  public  jiapers  of  Europe,  in  the  year  1766,  which  roused  the  attention 
of  philosophers;  for  it  seemed  to  threaten  a  renewal  of  the  disputes  ahoat 
a  vacuum,  and  tlie  ascent  of  water  in  pumps  and  siphons,  &c.  A  tinman 
of  Seville,  in  Spiiin,  iiiulertook  to  raise  water  from  a  well  60  feet  deep, 
by  the  cotiimoii  pump.  Instead  of  making  the  sucker  play  within  30  feet 
of  the  water,  he  made  tlie  rod  so  short,  that  it  did  not  reach  within  50 
fcet  of  it.  As  a  necessiirv  consequence,  he  could  not  raise  any.  Being 
greatly  disappointed,  he  descended  the  well  to  examine  the  pipe,  while 
tt  person  above  was  employed  in  working  the  pump;  and  at  lust  in  a  fit 
oi  despair,  at  his  want  of  success,  he  dashed  the  hatchet  or  hammer  in 
his  baud,  violently  against  the  pipe.  By  this  act  a  small  opening  w«j 
made  in  the  pipe  about  ten  feet  above  the  water — when,  what  must  have 
been  his  surprise!  the  water  instantly  ascended  and  was  discharged  st 
the  spout  ! 

The  fact  being  published,  it  was  by  some  adduced  as  a  proof  that  the 
pressure  of  the  atmosphere  could  sustain  a  perpeixlicular  column  of  water 
much  longer  than  32  or  34  feet,  and  coiiseqin^iilly  that  the  experiments  of 
Torricelli  and  Pasctil  were  inconclusive.  M.  Lecal,  a  surgeon  at  Rouct 
in  Normandy,  repeated  the  experiment  with  a  pump  in  his  garden:  he 
bored  a  small  hole  in  the  suction  pipe  ten  feet  above  the  water,  to  which 
he  adapted  a  cock.  When  it  was  open,  the  water  could  be  discharged 
at  the  height  of  5.5  feel,  instead  of  30  when  it  was  shut. 

As  miLilit  lie  supposed,  these  experiments  when  investigated,  instead 
of  overthrowing  the  received  doctrine  of  almostiheric  pressure,  mnre 
fully  conllrmed  it.  It  was  ascertained  that  the  air  on  entering  the  pipe 
l>ecame  mi.xed  with  the  water;  and  which  therefore,  instead  of  being  car- 
ried up  in  an  unbroken  column,  was  raised  in  disjointed  portions,  or  in  the 
form  of  tJii/k  rain.  This  mixture  being  much  lighter  than  water  alone, 
a  longer  column  of  it  could  he  supported  by  the  atmosphere :  and  by  pro- 
portioning the  tjunntity  of  air  admitted,  a  column  of  the  compound  fluid 
may  be  elevated  one  c»r  two  hundred  feet  by  the  atmospheric  pump;  btit 
there  is  no  advantaire  in  raising  water  in  this  manner  l>i/  the  j/ump,  and 
we  believe  it  is  seldom  or  never  practiced.  In  a  paper,  on  the  duty  per- 
formed by  the  Connvall  Slenm  Engines  in  raising  water,  in  the  Journal 
of  the  Franklin  Institute  for  May,  1837,  it  is  staled  that  a  little  air  is 
sometimes  admitted  in  the  pump  pipes,  which   it  is   alledged,  "made   th« 

fmmp  work  more  lively,  in  consequence  of  the  spring  it  gave  to  the  co- 
umn  of  water,  and  caused  less  strain  to  the  machinery."  In  the  same 
paper  Mr.  Perkins  states  that  forty  years  before,  an  attempt  was  made  to 
impose  upon  him  in  this  country,  a  pump  which  raised  water  by  atmo 
■pheric  pressure  100  feet  :  but  he  detected  "a  small  pin  hole"  in  the  pipe 
through  which  the  air  was  admitted. 

The  same  deception  it  seems  gave  rise  to  the  humorous  poetical  satire, 
'  Terrible  Tracloralion.'  The  ingenious  author  states  in  his  preface,  tliM 
he  was  employed  in  1801,  as  agent  for  a  company  in  Vennont.  and  of 
which  he  was  a  member,  to  proceed  to  London,  and  secure  a   patent  fot 
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•  »  new  invented  hydraulic  machine.'  "  I  was  urgod  to  hurry  my  Jepar- 
jure  in  consequence  of  a  report  in  circulation,  that  certain  persons  by 
stealth  had  made  themselves  masters  of  the  invention,  and  were  deter- 
mined to  anticipate  us  in  our  object  of  securin.g  a  patent  in  London.  In 
consequence  of  this  report,  tho  expcrimenrs  made  with  this  machine  were 
performed  in  a  hasty  manner.  By  it,  water  >\as  raised  throuj;h  Iruhy  tin 
pipes  in  a  hasty  experiment,  42  feet  from  the  surface  of  the  fountain  to  ih» 
bottom  of  the  cylinders,  in  which  the  pistons  were  worked.  1  embarked 
frotn  New- York  the  5th  of  Mnj,  and  arrived  in  London  after  a  tedious 
passage  the  4th  of  July.  I  waited  on  Mr.  King,  then  ambassador  from 
the  United  States,  to  whom  I  had  letters,  and  was  by  him  favon-d  with  a 
letter  to  Mr.  Nicholson,  an  eminent  philosopher  and  chemist.  With  this 
gentleman  I  had  several  interviews  on  the  subject  of  my  hydraulic  ma- 
chine, and  from  him  received  an  opinion  in  writing  unfavorable  to  its 
merits.  I  likewise  made  a  number  of  experiments  in  London,  with  a 
different  result  from  what  I  had  seen  in  Vermont.  In  this  desperate  si- 
tuation of  the  adventure,  I  received  a  letter  from  one  of  the  Vermont 
Company,  informing  me  there  was  a  deception  in  the  patent — that  from 
experiments  made  subsequent  to  my  departure,  it  appeared  that  no  water 
could  be  raijed  by  I.Mngdon'»  invention  higher  than  by  the  common  pump, 
unless  by  a  perforation  in  the  pipe,  which  made  what  the  inventor  called 
an  air  hole,  and  which  by  him  hail  hrcn  kept  a  secret.  Mr.  Nicholson  in- 
formed me  that  a  similar  deception  had  been  practised  on  the  Aca<lemi- 
cians  of  Paris,  but  that  the  trirk  was  discovered  by  the  hissing  noise  made 
by  tlie  air  rushing  into  the  aperture."  From  the  disHp[)ointment  Mr.  Fes- 
senden  turned  to  his  pen,  ana  wrote  '  T/ir  modfj-n  Philo.itiphrr  or  Tcrrihle 
Trartoration.'     See  preface  to  2nd  American  ed.  Phil.  180G. 

It  is  possible  however  to  raise  water  by  a  short  cylinder,  fifty  or  even 
a  hundred  feet  high,  but  for  all  practical  purposes  the  device  is  useless. 
The  first  tiling  of  the  kind  that  we  know  of,  was  accomplished  nearly 
forty  years  ago  by  a  boy.  He  fixed  a  small  pump  (the  cylinder  was  12 
inches  in  length)  in  the  garret  of  a  high  dwelling,  and  a  tub  of  water 
in  the  cellar,  the  perpendicular  distance  being  nearly  50  feet.  About 
halfway  up' the  st.iirs,  he  placed  a  close  vessel,  (a  three  gallon  tin  boiler) 
from  the  bottom  of  which  a  small  teaden  tube  was  continued  to  the  pumji 
cylinder;  and  another  tube  bcin;^  soldered  to  the  top,  descended  into  (he 
tub  of  water.  A  third  tube  was  soldered  to  the  top  of  the  vessel,  and 
terminated  near  the  pump,  having  a  cock  solilered  to  the  end.  This  cock 
being  shut  and  the  pump  worked,  the  air  in  the  pipes  and  the  vessel  was 
vrithdrawn,  and  the  latter  consequently  filled  with  water  by  the  atmo- 
sphere ;  he  then  opened  the  cock  which  admitted  the  atmosphere  to  act  on 
the  surface  of  the  water  in  the  vessel,  and  by  again  working  the  pump  the 
contents  of  tlie  vessel  were  raised  and  discharged  in  the  garret.  By  a  se- 
ries of  close  vessels  placed  at  distances  not  exceeding  30  feet  above  each 
other,  water  may  be  raised  in  tiiis  manner  to  any  elevation. 

It  is  impossible  to  notice  here  a  moiety  of  the  projects  for  imnrovinp 
the  atraos|>heric  pump  and  the  various  parts  of  which  it  is  composed; 
their  name  is  legion,  and  this  volume  is  far  too  limited  to  comprise  an  ac- 
count of  them  all.  Those  that  we  are  about  to  describe  are  of  modern 
<late.  but  it  doei  not  therefore  follow  that  thev  were  unknown  to  the  an- 
cients. Men  in  every  age,  when  striving  to  accomplish  a.  specific  object, 
niUiirally  fall  into  similar  trains  of  thought,  and  hit  upon  the  same  or  nearly 
the  same  devices.  Could  the  ancient  history  of  this  machine  be  procured, 
it  would  we  have  no  doubt  prove,  \}\nl  (like  the  instruments  invented  by  a 
i^lebrateij  F~ench  surgeon,  fac-similes  of  which  of  exquisite  finish,   wer<j 
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■ubse«|uently  found  in  Pompeii)  not  a  few  of  its  diversified  niodific«tiiin>| 
Were  anticipated  by  Greek  and  Roman  machinists.     Why  then  were  ihej 
not  preserved  or  continued   in  use?      For   the  same   reason   that  the   old 
pump  is  still  generally  preferred  :  and  were  it  not  for  the  art  of  pruning 
it  is  ]irol)al)le  that  not  doe  of  tlic   modern   improvements   of  this   irackine  I 
would  be  known  2000  years  hence,  any  more  than   those  devised  by  the  I 
ancients  are  now  known  to  us.     Tliose  persona  who  are   familiar  ^\^lll  it, 
well  know  that  a  large  majority  of  its  supposed  improvers,  have  returned 
from  long  and  laborious  mental  pilgrimages  in  its  behalf,  lajen,  like  old 
devotees,  with  little  e.se  than  stores  of  worthless  relics. 

Of  innumerable  variations  in  its  construc- 
tion,  the  greater   part   consists    of  different 
modes  of  communicoting  motion  to  the  rod,  | 
by  wheels,  cranks,  racks  and  pinions,  cams, 
"'^■^v  g        --  plain  and  jointed  levers,  pendulums,  balance  I 

O  !(•  w^^  poles,  vibrating  platforms,  &c.      Of  these  it  | 

iu^^t~.^  would  be  useless  to  speak.    Others  consist  in  i 

two  or  more  suckers  in  the  same  cylinder;  ir  j 
altering  the  form  of  the  latter;  and  some  ial 
imparting  motion  to  the  cylinder,  and  dispen-j 
sing  with  the  sucker.  We  shall  notice  some  I 
of  the»e  here,  and  others  in  the  next  Book. 

The  introduction  of  two  suckers  or  pistons  I 
into  one  cylinder  has  long  been  a   favorite 
jiroject.     Dr.  Conyers  in    1673   proposed 
pump  of  this  kind.     He  made  it  of  planks- 
square  and  ta]>ered,  (in  the  form  of  an  inver 
ted  and  truncated  pyramid,)  8i  feet  long,  20 
inches  square  at  the  upper  end,  and  8  at  th« 
iiottom  where  tlie  valve  or  lower  box   we 
placed.     He  fixed  two  suckers  on   the   tum^ 
rod,  one  at  its  lower  end  and  the  other  so  a^ 
to  play  half  way  down  the  trunk.    This  pump^ 
he  said,  raised  "at  least  twice  as  much  water^ 
as  the  ordinary  one  of  the   same   size."     IT 
such  was  the  fact,  it  was  by  the  expenditun^ 
of  twice  as  much  force.     Had   the   bore   of" 
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been    unil'iirm    throughout,    and     the     lov 
sucker  laid  aside,  and  with  it  the  force  ex- 
pended in  moving  it,  the  result  would  clearly^ 
have  equalled  that   of  both.      Phil.   TraoSuS 
Abridg.  Vol.  i.  545.  ^ 

About  the  year  1780,  Mr.  Taylor  of  South 
ampton,  Eng.  introduced  two  suckers  or  pn 
tor.s  into  one  cylinder,  each  united  to  a  separate  rod,  that  one  might  as 
cend  as  the  other  descended,  and  thus  discharge  douide  the  quantity  of 
water:  No.  91  is  a  figure  of  it.  The  rod  of  the  lower  sucker  slides 
ihnuigh  the  centre  of  the  upper  one;  and  also  through  its  valve,  which 
is  a  spherical  or  hemispherical  piece  of  brass,  placed  loosely  over  its  seal 
and  to  which  the  rod  acts  as  a  guide.  Tlie  upper  parts  of  the  rods  ter- 
minate in  racks,  between  which  a  cog  wheel  is  placed,  having  an  alternate  ■ 
movement  iraparted  tii  it,  by  a  lever  attached  to  its  axis,  as  in  the  common 
air  pump. 

Aiiothei  mot'e  of  working  this  pump,  ia  by  means  of  a  drum  fixed  to 
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I  eotl  of  die  shaft  nf  the  cog  wheel ;   over  this  a  rope   ts  passed   and 

cd  below,  to  which  any  number  of  men,  on  each   side,  may  apply 

■  ftrvngth.     Both  parties  pull  the   rope   towards  them   by  turns,   and 

irrvby  impiart  the  requisite  movement  to  the  cog  wheel,  and  consequently 

^lliepamp  ro<is  2nd  suckers,  as  shown  in  No.  92.     Mr.  Adams,   in   his 

wres  on  Natural  Philosophy,  published  in  1794,  observed   that  these 

1  uf  pumps  had  l)een  "in  general  use  in  the  royal  navy  for  five  or  8<x 

"     Vol  iii,  392. 
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1813,  (he  London  Society  uf  Arts  awarded  a  medal  and  twenty' 
to  Mr.  P.  Hedderwick,  for  various  modes  of  imparting  motion  tc 
pistons  in  the  same  cylinder,  by  a  series  oflevert,  instead  of  cog  wheel* 
neks.     Trans,  vol.  x.icxii,  98. 

pheric  pumps  with  two  pistons  are  used  in  the  French  marine, 

irranged  so  as  to  be  worked  by  the  men  as  in  the  act  of  rowing. 

r  racks    nor    pinions   are    used    in   communicating  motion   to   the 

The  upper  ends  of  these  are  continued  outside  the  cylinders  and 

*  liltic  outwards,  and  then  connected  by  a  l)olt  to  each  end  of  a  short 

brwiiig  jjoam  which  is  moved  by  the  men.     The  rods   do   not  descend 

ihe  centre  of  the  cylinder,  as  in  the  preceding  figure,  but  are  attached 

M  side  of  the  suckers.     The  lower  rod  passes  through  an  opening  in 

uppc-r  sucker,  which   is  closed   by  a  collar  of  leather.     Hachelte'» 

iie  Elemcntaire  des  Machines.  Paris,  1819,  p.  153. 

Pomps  with  double  pistons  are  not  of  modern  date :  there  is  one  figured 

B«s90ii's  Theatre  des  Instrumens. 

Tbe  (Hedged  superiority  of  these  pumps  is  more  specious  than  real. 

i»Brue  the  inertia  of  the  water  in  ascending  the  pipes   has  not  to  be 

wtonic  at  every  stroke,  as  in  the  common  pump,  since  its  motion  through 

w  13  continuous ;  nor  is  its  direction  changed,   as  when  two   separate 

jflindi-rs  are  used,  being  then  diverted  into  them  from  the  pipes  at  angles 

or  less  acute.     These  are   real  advantages;  but  if  we   mistake  not, 

Vt  the  only  ones,  unless  taking  up  less  room  on  ship  board  be  an- 

Bul   from  the  cylinders  being  twice   the  ordinary   length,   these 

are  really  double  pumps;   having  not  only  two  suckers  and  two 

but  also  two  cylinders,  and  requiring  twice  the  power  to  work  tlmm. 

principal  difference  between  them  and  the  usual  double  pump,  is  that 

evlinders  are  united  together  on  the   same  axis,   while  in   the   latter, 

«re  placed  parallel  to  each  other.     In   point  of  economy,   we  think 

ft  with  two  distinct  cylinders  are  preferal)le;    they  are  less  complex, 

f  course    less  liable  to  derangement :   a  longer  stroke  can   be  ob- 

in  thpm,  arwl,  what  is  of  more  importance,  when  one  is  disordered, 

iillier  ran  be  continued   in  use.     On   these  considerations  we  believe 

iMe  piston  pumps  were  abandoned  in  the  British  navy. 

•intinlttr  modification  of  the  common   pump  svas  devised  in  England 
819.  for  which  the  Society   of  Arts  awarded   a  premium  of  twenty 
The  chamber  was  curved,  and  the  centre  01  the  circle,  of  whir.ii 
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it  fcrmeJ  a  part,  served  as  a  fulcrum  on  which  the  pod  and  handle  (hoth?< 
one  piece)  moved.  The  rod  was  curved  so  as  to  move  in  the  centre  oi 
the  cliamlier. 


111'.'! 


Now  93.    Curved  Pump. 

The  objects  supposed  to  Vave  been  atUuned  by  this  arrangement,  were 
"greater  simplicity  of  workmanship,"  and  "greater  steadiness  and  preci- 
sion of  action"  (of  the  sucker.)  The  device  is  ingenious,  but  can  never  be 
generally  adopted.  The  spring  of  tlie  rod  with  the  wear  of  the  bolt  on 
whicli  it  turns,  must  soon  render  the  play  of  the  sucker  and  wear  of  the 
chamber  unequal  :  the  dilTicully  and  expense  of  making  the  latter  curvi- 
linear, ami  of  repairing  it  when  bruised  or  otherwise  injured,  arc  fata! 
objections.     The  pipe  must  be  separated  from  the  chamber  to  get  at  (he 

lower  box  or  valve;  and  the  applicatipn 
of  tlie  pump  is  limited  to  depths  wnthia 
30  feet.  We  have  noticed  it,  lest  the 
same  idea  occurring  to  some  of  our  me- 
chanics, should  lead  them  to  a  useless 
expenditure  of  time  and  money.  In  the 
same  year  a  patent  was  issued  in  Eng- 
land fur  making  the  cylinder  in  tlie  form 
of  a  ring,  or  nearly  so,  the  centre  of 
which  was  the  fulcrum  on  which  the  pis- 
ton turned,  and  an  alternating  motion 
was  imparted  to  the  latter.  Repertory 
of  Arts,  vol.  XXXV.   1819. 

An  interesting  modification  of  the  at- 
mospheric pump  was  descril>ed  by  Mu»- 
,  chenbroeck   in  liis  Natural    Philosophy. 

I  Instead  of  a   piston   or   sucker   working 

V  inside  of  the  cylinder,  the  latter  itself  is 

I     "J  TL^^^hM       iAn_         moved,  being  made  to  slide  over  the  pipe 

somewhat  in  the  manner  of  telescone 
tubes.  No.  94  represents  this  pump. 
The  upper  end  of  the  suction  pipe,  being 
made  of  copper  or  brass,  and  its  exte- 
rior smooth  and  straight,  is  passed 
Itirough  the  bottom  of  a  small  cistern.  Its  orifice  is  closed  by  a  valve 
opontng  upwards.  A  short  cylinder  wliose  diameter  exceeds  that  of  the 
suction  pipe  is  slipped  over  the  latter;  and  to  its  lower  end  a  stuffing  bo* 
is  adapted  to  preve;  t  air  or  water  from  passing  between  them.    Its  ;ipppr 
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tnliico'ered  by  a  valve  also  opetiing  upward.     The  pump  rod  is  at- 
Ufbfd  to  die  same  end  hv  a  fork,  as  represented   in  the  figure.     By  mo- 
ving the  cyhnder  up  and  down,  the  air  within  it  and  the  pipe  is  soon  ex- 
C'Wfi,  »nd  Its  place   occupied   l)y  a  portion  of  the   water  in   which   the 
wtrcnd  of  tiie  auction  pipe  is  immersed.     When  the  cylinder  is   then 
rjisfd  the  atmosphere  forces  up  water  into  it,  and   when   il  is   depressed, 
liie  water  being  prevented  by  the  valve  on  the  end  of  the  pipe  from  de- 
tcenjing  into  tiie  well,  escapes  out  of  that  on  the  top  of  the  cylinder,  pre- 
twlv  as  in  the  bellows  pump.  (p.  20G.)    By  keeping  water  in  the  cistern, 
«ir  is  effectually  prevented  from  entering  between  the  pipes  at  the  stuffing 
ix;j,  even  if  it  be  not  perfectly  tight.    A  cup  or  dish  formed  on  the  upper 
eoi/ of  the  cylinder  to  contain  a  little  water  over  tlie  valve,   would   be  an 
•duntage  in  this  description  of  pumps,   for  any  defects  in   it  by  which 
lir   is    admitted    would    l>e    fatal,    as    a    vacuum    could   not  then    be 
formed  within  the  cylinder,  and  of  course  no  water  raised   by   it.     Our 
tiirr.nion  pumps  would  \>e  almost  useless  if  water  was  not  kept  over  the 
wives;   it  is  that  which  renders  them  air  tight,  and  consequently  efficient. 
In  the  early  part  of  the  18th  century,  a  new  method  of  exciting  the  pres- 
sure of  the  atmosphere  for  the  purpose  of  raising  water  was  adopted.    Its 
di»co\'ercr  burst  the  fetters  with  which  long  established  modes  of  accom- 
plishing this  object  had  embarrassed  common  minds.    He  left  the  old  track 
entirely,  and  the  result  of  his  researx:hes  was  a  philosophical  machine  that 
no  resemblance  to  those  by  which  il  was  preceded. 
Most  people  are  practically  acquainted  with  the  principle  of  the  CetUri- 
ykgal  fntmp,   viz.  that  by  which  a  body  revolving  round   a  centre   tends 
lo  recede  from  it,  and  with  a  force  proportioned  to  its  velocity :  thus  mud 
is  thrown  from  the  rims  of  carriage  wheels,  when  they  move  rapidly  over 
wet  roads ;  a  stone  in  a  slin^  darts  off  the  moment  it  is  released  ;  a  bucket 
of  w^ater  may  be  whirled  like  a  stone  in  a  sling  and  the  contents  retained 
even  when  the   bottom   is  upwards.     A  sailor  on  ship  board,  or  a  house- 
maid, dries  a  wet  mop  by  whirling  it  till  the  force  communicated  to  the 
atery   particles  overcomes  their  adhesion  to   the  woolen   fibres.     Boys 
nrtimes  stick  pellets  of  tough  clay  to  the  end  of  a  switch  or  flexible  rod, 
■od  then  drawing  it  quickly  through  the  air,  the  force  imparled  (o  the  balls 

J J  sends  them  to  their  destination.  If  a 

tube  be  substituted  for  the  rod,  and 
the  end  that  is  held  in  the  hand  clo- 
sed, by  a  similar  movement,  balls 
dropped  or  water  poured  into  it, 
would  he  thrown  forward  in  like 
manner;  and  if  by  some  arrange- 
ment the  movement  of  the  tube  was 
made  continuous,  projected  streams 
of  either  balls  or  water  might  be 
rendered  constant:  the  centrifugal 
gun  is  a  contrivance  to  accomplish 
the  one — the  centrifugal  pump  the 
other. 

This  pump  generally  consists  of 

tubes,  united  in  the  form  of  a  cross 

or  letter  T,  placed  perpendicularly 

in  the  water  to  be  raised.  (No.  95.^ 

Phc  lower  end  is  supported  on  a  pivot  ;    perforations  are   ma<le   to  admit 

the  water,  and  just  above  ttiem  a  valve  to  retain  it  when  the  pump  is  not 

ill  motiun.     The  ends  of  the  transverse  part  are  bent  downwards  to  dis- 
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charge  the  water  into  a  circular  trough,  over  which  they  turn.  To  charge 
it,  the  orifices  may  be  closed  by  loosely  inserting  a  cork  into  each,  and 
then  filling  the  pump  through  an  opening  at  the  top  which  is  then  closed 
by  a  screw  cap.  A  rapid  rotary  motion  is  imparted  to  the  machine  by  a 
pulley  fixed  on  the  axis  and  driven  by  a  band,  from  a  drum,  &c.  The 
contrifugal  force  thus  communicated  to  the  water  in  the 
arms  or  transverse  tube,  throws  it  out;  and  the  atmo- 
8])here  pushes  uji  the  f>erpendiculdr  one  fresh  portions 
to  supply  the  place  of  those  ejected.  These  pumps  are 
sometimes  made  with  a  single  arm  like  the  letter  L  in- 
verted ;  at  others  quite  a  numlier  radiate  from  the  up- 
right one.  It  has  also  been  made  of  a  series  of  tube* 
arranged  round  a  vertical  shaft  in  the  form  of  an  inver- 
ted cone.  A  valuable  improvement  was  submitted  by 
M.  Jorge  to  the  French  Academy  in  1816.  It  consists 
in  imparting  motion  to  the  arms  only,  thus  saving  the 
power  consumed  in  moving  the  upright  tube,  and  by 
which  the  latter  can  be  tudined  as  circumstances  or  lo* 
cations  may  require. 

A  combination  of  the  centrifugal  pump  with  Parent's 
or  Barker's  mill,  was  proposed  by  Dr.  West,  which  in 
some  locations  may  be  adopted  with  advantage.  It  is  sim- 
ply a  vertical  shaft  round  which  two  tubes  are  wound; 
(No.  96)  the  upper  one  is  the  pump;  the  lower  one  the 
mill.  The  area  of  the  lower  one  should  be  to  that  of  the 
upper  in  the  inverse  ratio  of  the  perpendicular  height, 
and  as  much  more  as  is  necessary  to  overcome  the  fric- 
tion. The  cup  or  basin  into  which  the  stream  (part  of 
which  is  to  be  raised)  is  directed,  may  be  attached  to  the  shaft  and  turn 
with  it,  or  the  latter  may  pass  through  it.     Tilloch's  Phil.  Mag.  vol.  xi. 

The  first  centrifugi.l  pump  appears  to  have 
been  invented  by  M.  Le  Demour,  who 
sent  a  description  of  it  to  the  French 
Academy  in  1732.  (Machines  approuve. 
Tom.  vi,  p.  9.)  It  was  mensly  a  straight 
tube  attached  in  an  inclined  position  to  a 
vertical  axis,  and  whirled  round  by  the 
handle — the  tube  was  fastened  by  ligra- 
tures  to  three  strips  of  wood  projecting 
from  the  axis,  as  shown  at  No.  97. 

With  this  pump  we  close  our  remarks 
on  devices  for  raising  water  by  atmo- 
spheric pressure;  more  might  have  been 
added,  but  as  nearly  all  the  machines  yet 
to  be  described  illustrate  the  same  prin- 
ciple, the  reader  is  referred  to  the  fol- 
lowing Books,  and  particularly  to  the  at- 
mospheric and  forcing  pumps  described  in 
the  next  one. 

'The  vessels  under  the  pump  spouts  in  Nos.  90,  93  and  94,  are  Roman 
bron«e  buckets  from  Pompeii.] 


No.  06.  Weit'i  Pump. 


No.  97.    Le  Demour'i  Pump. 


END  or  THE  SECOND  BOOK 


BOOK    III. 


MACHINES  FOR  RAISING  WATKU  BV  CniMPRESSURE  INDEPEKU 
KNTLY  OF  ATMOSPHERIC  INFLUENCE. 


CHAPTER    I. 


Plvl'«lTio!«  of  rasehMiu  u<-M-rit..^O  in  thii  Book — Forciaf  Pumpi — Annlopy  between  tbrvti  no's  tyjll'iv.^ 
•Ili*:<.if  r  nf  Uie  t>cllo«r«  tUm  of  Iho  pump — Forcing  pnmin  arc  wnt.*r  b^llowi — I'lie  B«noW3  of  aiiuol 
tu«i«i<  nnrn* — Tubiil  Cain — Anacharat»— Vulcna  in  liij  forpe-— Egyptian,  Hindoo,  had  Pert-Tiaa  bluiriay 
tut>r-i — f>:iiiit:>«  tirllowfl  of  ^olU»niltlttt  in  Barbnry — Similar  initrulneiiti  rmployiNl  to  eject  l)<)ulijl — uc 
.tc*«  ui  ot'i-tiii  •  continiiou*  (i(<ut — Uouble  bellow*  of  the  Fuulali  biDcksinitbi,  witboat  vbItcs — Biiupla 
Aaisur  beltowa — Domejtic  l)ellowt  of  modern  Kgypt — Double  bellows  nf  the  anciout  K^ptiMUa-^Del* 
Iowa  blower*  ijl  tlie  niidtllo  ner»— Lantern  tiellowa  common  ovrr  nil  the  Koat — ^pneimrit*  frfim  AfTricola 
— t'aeO  br  nefro^a  (n  the  Interior  of  Al*rir>n — Modern  E^yptinn  blackaniitlta'  bellowa — Viikaii'a  bollowa 
— Various  kiiul*  of  K.om:io  b«<jlnw« — llellowa  of  Grecian  bUrksmitlia  rnrnrred  tu  in  a  prediction  of  tbo 
Dvlptitc  omcl»^Applicnt>on  of  inntern  bellowa  aa  forcing  pump»— Suckinp  and  (brciii)t  bellows  pumpi 
—Modern  HoroeBtic  bellowt  of  ancient  origin— Used  to  raise  water — Coi^Aui.  blacksmiths'  bellows  on 
ployed  aa  forcing  pumps — VeutUatiou  of  mines. 

Machlvcs  of  the  tliird  class  described  in  this  Book,  are  such  as  act  by 
compressure:  the  water  is  first  adtnilled  into  close  vessels  and  then  for- 
cibly expelled  through  aperCiires  made  for  that  purpose.  This  is  efTecI.ed 
in  some  by  compressing  the  vessels  themselves,  as  in  bellows  pumps — in 
others  by  a  solid  body  impinging  on  the  surface  of  the  liquid,  as  in  hre  en- 
gines—sometimes a  column  of  water  is  used  for  the  same  purpose,  at 
others  the  expansive  force  of  compressed  air.  Of  the  lust  two,  Heron's 
fountain,  air  engines,  and  soda  fountains,  are  examples.  .Strictly  con- 
cidered,  these  machines  have  nothing  to  do  with  the  pressure  of  the  at- 
mns{)here.  (the  active  principle  of  those  of  the  second  class,)  hut  in  prac- 
tice it  is  very  generally  employed.  When  the  working  cylinder  of  a  for- 
cing pump  is  immersed  in  the  water  it  is  intended  to  raise,  or  when  the 
latter  flows  into  it  by  gravity,  it  is  a  forcing  pump  simply;  hut  when  the 
cylinder  is  elevated  aliove  the  water  that  supplies  it,  and  consequeiuly  is 
then  charged  by  atmospheric  pressure,  the  machine  is  a  compound  one, 
embracing  the  peculiar  properties  of  both  sucking  and  forcing  pumps. 
The  latter  therefore  differ  from  the  former  in  raising  water  above  their 
cylinders;  and  to  elevations  that  are  only  limited  by  the  strength  of  their 
materials  and  the  power  employed  to  work  them.  They  have  been  con- 
sidered bv  some  writers  as  the  oldest  of  ali  pumps.  We  shall  consider 
iheir  varieties  in  the  order  in  which  we  suppose  they  were  developed. 

An  intimate  connection  has  ever  subsisted  Iwitween  the  forcing  pump 
and  the  bellows;  they  ere  not  only  identical  in  principle,  but  every  fonn 
adopted  in  one  has  been  applied  to  the  other.  The  bellows,  from  the 
simple  sack  or  skin  employed  by  the  negroes  of  Africa  to  the  complex 
•nd  eriicient  instraiueot  of  China,  and  tie  enormous  blowing  machines  uf 
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oar  foundries,  has  been  used  to  raise  water:  and  every  modification  of  the 
pump,  not  even  excepting  the  screw,  has  been  applied  as  a  bellows.*    A 
•ingular  proof  of  the  analogy  between  them  and  of  their  connection  in 
ancient  times,  is,  that  in  one  of  the  earliest  accounts  we  have  of  i}ae  cylin- 
drical pump,  (viz.  by  Vitruvius)  it  was  used  as  a  bellows  "to  supply 
wind  to  hydraulic  organs."     And  that  rotary  pumps  are  as  numerous  a« 
rotary  bellows,  is  known  to  every  mechanic     Thus,  while  pumps  hare 
been  used  as  bellows,  bellows  have  been  employed  as  pumps;  and  every 
device  to  obtain  a  continuous  current  of  air  in  the  one,  has  been  adopted 
to  induce  an  unbroken  stream  of  water  in  the  otlier. 

The  history  of  the  bellows  is  also  that  of  the  pump;  and  if  we  mistake 
not  it  affords  the  only  legitimate  source  now  open  in  which  the  origin  of 
the  latter  can  be  sought  for  with  any  prospect  of  success.  Under  thii 
impression  we  shall  examine  the  bellows  of  various  people,  and  in  doing 
«o  the  reader  will  find  an  auxiliary,  but  very  important  branch  of  the  snb- 
ject,  illustrated  at  the  same  time,  viz.  that  which  relates  to  valtbs,  for  the 
bellows  was  probably  the  first  instrument  of  which  they  formed  a  part 
No  other  machine  equally  ancient  can  be  pointed  out  in  which  they  were 
required.  In  fine,  the  forcing  pump  is  obviously  derived  from  the  bel- 
lows, or  rather  it  is  an  application  of  that  instrument  to  blow  water  in- 
stead of  air — an  application  probably  coeval  with  its  invention. 

The  origin  of  the  arts  is  generally  considered  as  a  subject  of  mere  con- 
jecture. Antiquarians  and  historians  despair  of  discovering  any  thing  of 
importance  relating  to  the  early  history  of  any  of  the  simple  machines.  In 
the  present  case,  however,  there  can  be  no  doubt  that  \\\c  first  bellows  was 
the  mouth  ;  and  it  was  the  first  pump  too,  both  atmospheric  and  forcing. 
The  representation  of  it  when  employed  as  a  bellows  was  a  favorite  sub- 
ject with  ancient  statuaries  antl  painters.  Pliny  gives  several  examples, 
and  among  others,  Stipax  the  Cyprian,  who  cast  an  elegant  figure  of  a 
Doy  "roasting  and  frying  meat  at  the  fire,  puffing  and  blowing  thereat 
with  his  mouth  full  of  wind,  to  make  it  burn."  Arisloclidos,  was  also  cele- 
brated for  a  painting  of  a  boy,  "blowing  hard  at  the  coals  ;  the  whole  in- 
terior of  the  room  appeared  to  be  illuminated  with  the  fire  thus  urged  by 
the  boy's  breatli,  and  also  what  a  mouth  the  boy  makes."  Holland's 
Translation. 

That  the  bellows  is  of  antediluvian  origin,  there  can  be  little  doubt, 
for  neither  Tubal  Cain  nor  any  of  his  pupils  could  have  reduced  and 
wrorught  iron  without  it.  The  tongs,  anvil  ana  hammer  of  Vulcan,  (or  Tubal 
Cain)  have  come  down  to  our  times,  and  although  the  particular  form  of 
his  bellows  be  not  ascertained,  that  instrument  is,  wo  believe,  as  certainly 
continued  in  use  at  the  present  day,  as  the  tools  just  named.  Nor  is  there 
any  thing  incredible  in  such  belief,  for  if  even  the  common  opinion,  that 
the  whole  globe  was  enveloped  in  the  deluge,  be  true,  Noah  and  his  sons, 
aware  that  the  destinies  of  their  posterity,  so  far  as  regarded  the  arts  of 
civilization,  must  in  a  great  measure  depend  upon  them,  would  naturally 
secure  the  means  of  transmitting  to  them  the  knowledge  of  those  ma- 
chines that  related  to  metallurgy,  as  among  the  most  essential  of  all.  Of 
these,  the  bellows  was  quite  as  important  as  any  other  ;  without  it,  other 
tools  would  have  been  of  little  avail.  Now  if  we  refer  to  oriental  ma- 
chinery, (among  which  the  bellows  of  the  son  of  Lamech  is  to  be  found 
if  at  all,)  we  shall  find,  in  accordance  with  its  characteristic  unchangeable* 
ness,  that  the  instrument  now  used  over  all  Hindostan  and  Asia  in  gene 
ral,  and  by  the  modern  blacksmiths  of  Cairo  and  Rosetta,  is  identical  with 
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tial  with  which  the  niiiths  of  Memphis,  and  Thebes,  and  Heiiopolls, 
lifted  tlceir  fires,  between  three  and  four  thousand  years  ngo,  and  is  s.milax 
to  llinse  found  figured  in  the  forges  of  Vulcan  on  ancient  medals  and 
Kiilptures.  Numerous  were  the  forms  in  which  the  bellows  was  anciently 
mule,  liut  the  general  features  of  tlie  one  to  which  we  allude,  (the  lantern 
ivi.'rjws)  have  remained  as  unchangeable  as  those  of  blacksmiths  l}iem- 
i^lvej. 

Stmbo  attributed  the  liellows  to  Anachnrsis  who  lived  about  600  years 
B.  C.  but  it  is  probable  that  some  particular  form  of  it  only  was  intended, 
for  it  i*  not  credible  that  the  Greeks  in  Solon's  time  could  have  been  igno- 
nnt  of  an  instrument  that  is  coeval    with   the    knowledge   of  metals ;   and 
without  which  the  iron  monei/  of  Lycurgus,  two  centuries  before,  could 
never  have  been  made.     Pliny  (B.  vit,  56)  attributes  it  with  greater   pro- 
priety to  the  Cyclops,  who  are  sup[)osed   to   have   flourished  before  the 
delnge.     The  prophet  Jeremiah,  who  lived  long  before  Aiiacharsis,  S[>eaks 
of  it   in   i:onnection   with  metallurgical   uperalions.       "The    ImjIIows  are 
burned,  the  lead  is  consumed  of  the   fire,  the   founder   mclteth   in  vain." 
Isaiah,  who  lived  still  earlier,  viz.  in  the  8lh  century  B.  C.  alludes  to  tlie 
blacksmitti's  bellows — "the  smith  that  bloweth  the  coals  in  the  fire."  And 
Job,   nine   or   ten   centuries   before   the   Scythian   ]ihilosoplicr   tlourished, 
speaks  of  "a  fire  nut  blown."     The  prophet  Ezekiel   also  speaks  of  the 
blast  l\irnace  as  cotiimon — "they  gather  silver,  and   bnisn,  and   iron,  and 
Irad,  and  tin,  into  the  midst  of  the  furnace,  to  blow  ihejire  upon  it  to  melt 
it"    xxii.  20.     Homer,  as  might  be  supposed,  could  not   fully   describe 
the  labors  of  Vulcan,  without  referring  to  this  instrument.     His  account 
I      of  the  great  mechanic  at  work,  is  e<]ual!y  descriptive  uf  a  smith  and  his 
I      forge  of  liie  present  day. 

I         The! 
reed  or 


Obaeiirr  in  unioke,  hin  forges  flnniine  round. 
While  biitlieil  in  awcat  froia  fire  to  lire  lie  lluw  ; 
And  puliiuK  loud,  Itie  roaring  bellowi  blew. 
•  ••••• 

JuM  u  the  god  direcb.  now  loud,  now  low. 
They  r»iv>  a  tcmpcBt,  or  Uiey  gcully  blow. 

Uittd.  XVIII,  433,  540. 


Poft. 


The  first  approach  made  to  artificial  bellows  was  the  application  of  a 
reed  or  other  natural  tube,  through  which  to  direct  a  stream  of  air  from  the 
i&outh — a  device  that  has  never  passed  into  desuetude.  Such  was  tlie  ori- 
ifin  of  the  modern  blow-pipe,  an  instrument  originally  designed  to  increase 
Kic  intensity  of  ordinary  fires,  but  which  subsequently  became  (ns  t'le  arts 
were  developed)  indiispensible  to  primitive  workers  in  metal.  How  long 
blowing  tubes  preceded  the  invention  of  other  devices  for  the  same  pur- 
pose is  unrertttin;  but  from  the  fact  that  oriental  jewelers  and  goldsmiths 
^.■JUH  fuse  metal  in  pots  by  them,  it  may  be  inferred  they  were  the  only  in- 
H^ruments  in  use  for  ages,  before  the  bellows  proper  was  knosvn :  a  circum- 
^llance  to  which  their  universal  employment  over  all  Asia  at  the  present 
time  may  Ije  attributed,  and  the  skilful  management  of  them  by  mechanics 
there.  As  the  only  contrivance  for  urging  fires  in  primitive  times,  men 
would  naturally  become  ex|)ert  in  using  them,  and,  as  in  all  the  arts  of 
the  East,  tlieir  dexterity  in  this  respect  would  be  inherited  hy  their  chil- 
dren, and  be  retained  in  connection  with  their  use,  with  that  tenacity  that 
fiiw  scarcely  ever  been  known  to  give  up  an  ancient  tool  or  the  ancient 
mode  of  usint;  it:  hence  the  paucity  of  their  implements;  a  file,  a  hum- 
mer, a  pair  of  tongs,  and  a  blowing  tube,  being  in  general  all  that  the 
Oudget  of  an  African  or  Asiatic  jeweler  contains. 
As  we  have  given  figure*  of  sucking  tubes  to  illustrate  the  origin  of 

30 


I 


234 


Egyj>tian,  HlnJoo,  and  Peruvian  Blotcprpct.  'Ilook  III 


the  atmosjilieric  putnp.  we  here  insert  some  of  blowing  tubes,  as  showing 
the  incipient  state  of  llic  farcing  pump. 
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Na  98.  Egyptian  utiiif  ■  re«d.  1600  B.  C.  No.  90.    Aucioot  Ef  rpttaa  Goldsaith. 

No.  98,  represents  an  Egj'ptian  blowing  a  fire  with  a  reed.  It  is  from 
the  paintings  at  Beni  Hnssan,  and  extends  back  through  a  period  of  3..S00 
years.  According  to  Mr.  Wilkinson,  tlie  figure  is  that  of  a  goldsmith, 
"  blowing  the  fire  for  melting  the  gold,"  but  from  the  comparalive  large 
size  of  the  vessel,  it  would  seem  rather  to  be  a  cauldron  in  which  the  ar- 
ticles were  j'ichlvd.  No.  99,  is  the  figure  of  a  goldsmith  either  soldering 
or  fusing  metal  with  the  blow-pipe,  from  the  sculptures  at  Tlielxis.  The 
liortable  furnace  has  raised  cheeks  to  confine  and  reflect  the  heat.  The 
pipe  is  of  mclal  with  the  end  enlarged  and  pointed.* 

Sunnerat,  has  given  (in  the  volume 
of  illustrations  to  his  voyages.)  a  plate 
representing  modern  goldsmiths  of 
Hindoslan,  from  which  the  annexed 
figure  (No.  100)  is  copied.  It  will 
serve  to  show,  when  compared  with 
the  preceding  cuts,  what  little  clian- 
ges  have  token  place  in  somp  mechani- 
cal manipulations  in  the  Knst,  from 
very  remote  times.  A  similar  figure  is 
in  Shoberl's  Hindnstan.  The  same 
mode  of  fusing  their  metals  was  prac- 
ticed by  the  ancient  gold  and  silver 
smiths  of  Mexico  and  Peru.  Instead 
of  bellows,  says  Garcilasso,  the  latter 
had  blow-pipes  "  made  of  copper, 
about  a  yard  long,  the  ends  of  which 
were  narrow,  that  the  breath  might  pass  more  forcibly  by  means  of  the 
contraction,  and  as  the  fire  was  lo  be  more  or  less;  so  accordingly  they 
used  eight,  ten,  or  twelve  of  these  pipes  at  once,  as  the  quantity  of  metal 
did  retjuire."     (Commentaries  on  Peru,  p.  52.) 

The  next  step  was  to  apply  a  leathern  bag  or  sack,  formed  of  the  skm 
of  some  animal,  to  one  end  of  tiie  tube  (shown  in  No.  80)  as  a  suVistituIe 
for  the  mouth  and  lungs.  The  bag  was  inflated  by  the  act  of  opening  it, 
or  by  blowing  into  it,  and  its  contents  expelled  by  pressure.  To  such 
Homer  seems  to  allude  in  his  account  of  Eolus  assisting  Ulysses: 

The  ndverne  winds  in  leathern  bogs  he  bmced, 

Corjipreased  their  force,  and  locked  each  mruggling  btuL   Odgt.  10. 

*Ancieii)  hronze  lontfs  or  rorceps,  limilar  to  ttin<c  in  the  ciK,  have  been  found  ia 
F.Bvpl.  which  rc'iiiiii  tiicir  spniij;  pcrfeclly.  Cnicl'.ih^'<  simihir  to  thane  u»eil  iil  iKe 
prexenl  day  li.nvc  ulxo  been  diKovered.  Wilkiiuon't  Mniinen  uud  Ciutoma  of  tlie  An 
cieoi  Lgypliiuw  rol.  iii,  'Hi. 


No.  100.     GolJimith  of  HiDiloaUo 


I 


I 


I 


r»i 


tup- 


Origin  of  the  Valve. — African  Brllowi. 


S3fi 


Abd  Oi  id : 

A  larsvss  to  l'ly!»ea  he  coiuigned, 

Auil  in  u  »U'«r°9  toiigb  hide  enclo«ed  a  wind.     MU  xiv. 

The  goldsmiths'  bellows  of  Darbary  consists  of  a  goat's  skin,  hiving  a 
reed  itiserted  into  it:  'he  holds  the  reed  with  one  hand  and  presses  the 
l>«^  with  the  other.'  (Ed.  Encyc.  vol.  iii,  258.)  The  Dumaras,  a  tribe  of 
uesrmes  in  Southern  Africa  mentioned  by  Barrow,  manufacture  copjjer 
rint,'j,  &c.  from  the  ore.  The  bellows  they  use,  he  obierves,  "is  made  of 
the  skin  of  a  gemsbok,  (a  species  of  deor)  converted  into  a  sack,  with  the 
horn  of  the  same  animal  lixed  to  one  end  for  a  pipi;." 

ifiimple  instruments  of  this  description  have  always  been  applied  to 
ejpct  li<|uids.  Small  ones  were  commonly  used  by  ancient  physicians  in 
adininixterins;  enemas ;  a  purpose  fur  which  they  are  still  used.  Largo 
ones  were  recommended  by  Apollodorus  the  architect,  a  contemporary  of 
Pliny  and  Trajan,  as  a  substitute  for  fire  engines,  when  the  latter  wert* 
not  at  hand.  When  the  upper  part  of  a  house  was  on  fire,  and  no  ma- 
chine for  throwing  water  to  be  procured,  hollow  reeds,  he  ob-served 
niii^ht  lie  fastened  to  leathern  bags  filled  with  water,  and  the  liquid  pru- 
jeclwl  on  the  flames  by  compressing  them. 

As  the  current  of  wind  from  a  single  sack  or  bag,  necessarily  ceased 
as  soon  as  it  was  collapsed,  some  mode  of  rendering  the  blast  conliniiout 
was  desirable  ;  and  in  (he  working  of  iron  indispensible.  The  most  o\> 
vious  plan  lo  accomplish  this  was  to  make  use  of  tico  bags,  and  to  work 
them  io  that  one  might  be  inhaling  the  air,  while  the  other  was  expelling 
it — that  is,  a.i  one  was  distended,  the  other  might  be  compressed.  This 
device  we  shall  find  was  very  early  adopted,  and  by  all  llio  nations  of 
antiquity. 

Bill  by  far  the  most  important  improv-ement  on  the  primitive  bellows  or 
bag,  was  the  admission  of  air  by  a  M-jmrale  opening — a  contrivance  that 
letflo  Uie  invention  of  the  vai.tk,  one  of  the  must  essential  elements  of 
hydraulic  as  well  as  pneumatic  machinery.  The  first  approach  to  the 
ordinary  valve,  was  a  device  that  is  still  common  in  the  bellows  of  some 
African  tribes.  A  bag  formed  of  the  skin  of  a  goal,  has  a  reed  attached 
to  it  to  convey  the  blast  lo  the  fire  ;  and  the  part  which  covered  the  neck 
of  the  animal  is  loft  open  for  the  admission  of  air.  This  part  is  galhcred  yp 
'le  hand  when  the  bag  is  compressed,  and  opened  when  it  it;  distended 


No.  lot.     Bcllawi  of  the  Foulih  DIulumitlu. 

An  improvement  upon  this  primeval  device  is  exhibited  in   the  bellovi™ 
oi  the  Fculah  blacksmiths,  on  the  western  coasts  of  Africa.     It  consists 


of  vwo  calahaslies  connected  together  by  two  hollow  bamboos  or  reeds,  it 
»ened  into  their  sides,  and  united  at  an  angle  to  anutlier  which  leads  to  thf 
fire,  as  represented  in  the  figure.  A  large  opening  is  made  on  tlic  top 
of  each,  and  a  cylindrical  bag  or  tube  made  of  soft  goats'  skins  stitched 
or  otherwise  secured  round  the  edges.  The  workman  seats  himself  on 
tl"'  g;round,  and  placing  the  machine  between  his  legs,  he  grasps  the  ends 
of  the  bags,  and  by  alternately  raising  each  with  the  raouth  opm,  and 
pushing  it  into  the  cnUibash  when  closed,  the  air  in  the  latter  is  forced 
into  the  fire,  and  a  uniform  blast  maintained.  The  action  is  very  similar 
to  that  of  gathering  in  the  hands  the  lower  edges  of  two  hat  linings,  and 
constantly  drawing  one  out  and  thrusting  the  other  in. 

The  negroes  of  the  Guld  Coast  are  represented  to  have  other  kinds  of 
beUosvs.  The  principal  tools  of  their  smiths,  are  "a  hard  stone  for  an 
anvil,  a  pair  of  tongs  and  a  small  pair  of  bellows,  with  three  or  more 
pipes,  which  Uow  very  strong — an  invention  of  their  own."  We  have 
not  been  able  to  find  any  description  of  these.  See  Grand  Gazetteer, 
Art.  Guinea  ;  and  HJstoire  Generate,  torn,  v,  214. 

Another  species  eipiully  siin[ile  but  more  elHcient,  is  common  in  Asia, 
Africa,  and  also  in  Wallachia,  Greece  and  other  parts  of  Europe.  The 
contrivance  for  admitting  the  air  is  an  improvement  upon  the  last,  but  the 
orifice  is  still  opened  and  closed  by  the  fingers  of  the  blower.  Instead 
of  the  mouth  of  each  bag  being  drawn  up  in  the  hand,  it  is  stretched  out 
in  the  form  of  a  long  slit;  to  the  lips  of  which  two  strips  of  wood  ai« 
sewed.  The  inner  side  of  each  strip  is  made  straight  and  smooth,  so  that 
wheti  brought  together,  they  form  a  close  joint.  They  are  grasped  in 
tlie  middh'  by  the  workman,  who  alternately  opens  them  when  he  raises 
iho  mouth  to  aitmit  the  air,  and  closes  them  when  he  expels  it. 

No.  102  represents  the  assist- 
ant of  a  Hindoo  blacksmith,  urg- 
ing his  fire  with  a  pair  of  these 
instruments,  (copied  from  the 
volume  of  plates  to  Soimerat's 
Voyages.)  From  an  inspection 
of  the  figure,  it  will  be  perceived 
that  the  strips  facilitate  the  act  of 
compressing  each  bag,  by  their  ex- 
tending (piite  over  it.  as  well  as  by 
their  stifTness:  in  these  respects 
they  may  be  considered  as  the 
nucleus  of  the  boards  in  the  coin- 
mon  bellows.  In  this  device,  the 
x-alrc  becomes  further  developed. 
To  similar  instruments,  Mr. 
Emerson  refers  in  his  'Letters  from  the  Eijean.'  The  crew  of  a  Hy- 
driot  vessel  having  taken  her  ashore  at  Paros  to  repair  the  iron  clasp  of 
her  rudder,  an  opportunity  occurred  of  examining  their  bellosvs.  Mr.  E. 
describes  them  as  "a  very  antique  device,"  consisting  of  "  two  sheepskins, 
united  by  an  iron  pipe  introduced  into  the  fire,  which  weie  alternately 
dilated  with  air  and  compressed,  by  an  Arab  slave  who  knelt  above 
them."  With  the  exception  of  their  not  being  made  of  bull's  hide  but  of 
•heepskin,  he  observes  lliey  would  completely  suit  the  description  of  the 
bellows  given  by  Virgil  in  the  Fourth  Georgic.  Blacksmiths  in  Ceylon 
use  the  same  kind,  but  made  of  bullocks'  hides,  and  furnished  with  nol- 
sles  o''  bamboo.  The  blowe-  seats  himself  on  the  ground  between  the 
two  cags,  and  works  them  with  his  hands,  pulling  up  one  and   pushing 
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iovrn  the  other.  (See  a  figure  in  Davis'  history  of  that  idand,  and  also 
in  the  Rcgi»ti»r  of  Arts,  vol.  i,  300.)  The  ilomestic  bellows  of  Egypt  is 
made  in  the  «.iniu  way,  and  probably  has  alwuys  been  so:  to  it,  Job  most 
hkely  alluded,  (chap,  xx,  26.)  "Tbe  ordinary  hand  Irllows  now  ust>d 
for  smaJI  fires  in  Egypt,  (says  Mr.  Wilkinson)  are  a  sort  of  bug  made  of 
the  skin  of  a  kid,  with  an  opening  at  one  end  like  the  mouth  of  a  common 
carpet  l>a^,  where  the  skin  is  sewed  upon  two  pieces  of  wood;  and  these 
being  pulled  apart  by  the  hands  and  closed  again,  the  bag  is  pressed 
down  and  (he  air  thus  forced  through  tbe  pipe  at  the  other  end." 

The  next  improvement  seems  to  have  been  that  by  which  the  slit  was 
superseded  by  a  flap  or  clack,  so  as  to  be  sdj'-acting,  as  in  the  ordinary 
European  or  American  bellows — in  other  words  a  ralvc,  that  opened  by 
the  pressure  of  the  atmosphere  when  tlie  bag  was  raised,  and  which  was 
closed  by  its  own  weight  or  by  the  elasticity  of  the  confined  air.  AniOfig 
the  interesting  discoveries  which  recent  examinations  of  Egyptian  monu- 
ments have  brought  to  light,  figures  of  such  bellows  have  been  found 
sculptured  in  a  tomb  at  Thebes,  which  bears  the  name  of  Tholhmes  HI, 
one  of  the  Pharaohs  who  was  contemporary  with  Moses.  No.  103  repre- 
sents four  employed  at  one  fire,  each  pair  being  worked  by  the  hand:^  and 
feet  of  a  laborer,  and  in  a  manner  singularly  ingenious  and  effective;  prov- 
ing that  the  Egyptians  of  those  times  well  knew  how  to  combine  miiscu 
l&r  energy  with  the  weight  of  the  body  to  produce  a  maxitnura  effect. 


No.  103.    EnrpUan  BeUowt  ud  Brllowa  Bloweri.    1900  a  C. 

The  bags  were  secured  to  fi-nmeg  or  to  the  sTroiind,  and  appnar  to  have 
had  rings  of  cane  within  them  to  keep  the  leather  extended  in  a  horizontal 
direction.  A  separate  pipe  proceeded  from  each  to  the  fire.  The  valves 
or  clacks  are  not  shown  because  being  place.!  underneath  they  were  out 
of  sight.  In  working  them  a  laborer  stood  upon  two,  one  under  each 
foot,  and  taking  two  cords  in  his  hands,  the  lower  ends  of  which  were 
secured  to  the  top  of  the  lmg» ;  he  alternately  rested  his  weight 
upon  each  to  expel  the  air,  and  inflated  them  when  exhausted  by  pulling 
the  cords;  thus  the  whole  weight  of  Ins  body  was  urtintpirihptedly  em- 
ployed in  closing  one  bellows,  while  the  miKCjlar  force  of  his  arms  was 
ltice»santly  engaged  in  opening  another.  We  question  if  a  more  simple 
Uid  efficient  application  of  human  effort  can  be  produced. 

Such  bellows  were  used  in  Egyptian  kitchens,  and  were  indeed  neces- 
Mry  when  the  mn8^ive  cauldrons  and  huge  joints  of  meat  boiled  in  them, 
•  re  considiTed.*  The  same  prat'lire  coiiliuued  thnugh  the  middle  ages, 
in  Europe,  when  'bellows  blowers'  formed  part  of  the  establishment  of 


ient  Egyptian  Beflowf. 


roynl  kitrhons,  i  nd  whose  duty  it  was  "  to  see  tlint  soup  wlicn  on  the  Hi 
WHS  iifitliiT  Imriit  Tinr  smoked."*  Among  the  relics  that  (brnicrly  (m 
longed  to  Guy.  the  famous  Enrl  of  Wnrwick,  is  a  cauldron  or  kitche 
boiler,  made  nf  hell-metal,  which  contains  120  gallons,  but  whose  capacit 
does  not  e<|ual  thai  of  more  ancient  ones.''  To  the  old  custom  of  en 
.jiloyirig  persons  exclusively  at  U.e  bellows,  as  in  the  preceding  cut,  Vii 
gil  alludes  in  the  following  line: 

One  Ktim  tlic  lire  anil  uiie  tlie  bellows  blows.  En.  viii. 
Every  modern  bellows  maker  would  be  convinced  from  an  inspectim 
of  the  last  figure.'!,  that  valves  were  employed,  since  the  instnirnentj  ooufc 
not  possiiily  have  acted  without  them  ;  but  all  doubts  respecting  an  »e 
quainiance  with  the  valve  in  those  remote  ages  when  the  sculptures  wen 
executed,  is  removed  by  two  other  bellows  portrayed  in  the  same  lomh 
and  shown  in  the  next  cut.     These  differ  from  the  precedir.g  and  were 


No.  104.     Kgypllou  Bt-llowi  io  uxr  lirl'un*  liie  tUixJtik. 

perhaps  intended  to  show  another  variety  of  iJie  instrument  as  made  il 
those  times.  Their  upper  surfaces  seem  to  have  been  of  wood,  in  tlu 
centre  of  which,  the  orifices  of  the  valves  are  distinctly  shown;  the  vnlvet 
or  clacks  were  therefore  inverted,  as  in  our  ordinary  bellows  turned  up 
aide  down.  To  persons  not  familiar  with  the  subject,  this  circumstana 
might  excite  surprise,  hut  the  class  to  which  these  belong  have  almost  al 
tmi/n  had  the  valve  in  the  moveable  board  ;  and  in  whatever  position  thi 
were  used — whe'.her  horizontally  as  in  these  figures,  or  vertically  as 
the  next.  In  Ceylon  and  other  parts  of  the  East  they  are  used  as  she 
in  No.  104. 

But  are  not  both  bellows  in  the  last  cut  double-acting,  that  is,  impellli 
Air  from  them  both  when  moved  up  as  well  as  when  iiushed  downl  Frod 
the  figures  il  would  seem  that  such  were  intended ;  for  ^iro  pipes  are  rea 
resented  as  proceeding  from  eac/i,  while  one  only  is  connected  to  those  n 
No.  103  ;  and  one  instrument  was  deemed  sufficient  to  occupy  one  \m 
borer — to  this  there  possibly  may  be  an  allusion  in  the  knots  on  the  end) 
of  the  cords,  which,  in  the  hieroglyphicnl  language  of  Egypt  may  sigl 
nify  the  greater  liability  of  s!ip|Hng  through  the  hands,  in  consequcnq 
of  the  superior  force  required  tn  work  them.  Indeed  _/bttr  different  beS 
lows  are  represented.  In  No.  103,  two  are  made  of  single  bags,  and  Iv 
of  double  ones,  as  a[)pears  by  the  binds  around  them  :  and  in  No.  104 
one  is  round  like  llie  liinterti  bellows,  and  the  other  oblong,  both  kinds  i 
which  are  common  nt  this  day  in  the  East;  and  both,  us  already 
marked,  seem  to  be  double  acting  like  those  of  our  smiths. 

This  variety  was  probably  designedly  introduced  into  the  sculptures  I 
aid  in  conveying  to  posterity  a  knowledge  of  the  state  of  the  arts  at  ihll 
time  in  Egypt.  The  circumstance  is  an  iiiterestina'  one,  and  should  le»« 
to  a  more  thorough  examination  of  those  wonderful,  those  eternal  record^ 
of  the  arts  and  sciences  of  past  ages,  than  has  ever  been  given  them;  '.lOl 
only  every  group  but  every  figure  among  the  millions  imprinted  on  then 
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Iiii'djlmlile  pages,  deserves  not  merely  to  be  scnitinizetl,  Tiut  accurately 
opicd.    Many  of  llietn  are  fraught  with   inform.ilion  of  the   highest  iii- 
lerestto  the  arts;  and  whether  the  mass  of  hieroglyphical  records  be  ever 
itMirrsCnod  or  not,  there  is  no  dililculty   in  comprehending   the   most  in- 
awig  «f  these. 

One  of  llie  figures  in  the  last  illustration  is  obviously  a  modificiilion  of 
ihi"  lid  lantern  bellows  (so  named  from  its  resemblance  to  the  papei 
l«iiiein,  still  common  in  Egypt:)  they  consist  of  two  circular  boards 
oniled  to  the  ends  of  a  cylindrical  bag  of  flexible  leatlier.  In  the  centre 
of  one  board  is  an  opening  covered  by  a  flap  opening  inwards,  and  to  the 
other  the  tuvere  is  attached.  In  working  them,  the  lK)ard,  through  which 
tbe  air  is  admitted,  is  moved,  atid  the  other  kept  stationary.  They  are 
qoile  common  in  Asia,  Egypt,  and  generally  throughout  the  oriental 
world;  and  appear  to  have  undergone  no  change  whatever,  either  in  their 
m»UTi»U,  form,  or  modes  of  working  them,  since  the  remotest  limes; 
even  working  them  by  the  feet,  as  practiced  by  Egyptians  under  the  Pha- 
r«oli9,  is  still  common  at  the  native  iron-forges  of  Ceylon.  Dr.  Davy  in 
bi»  account  of  that  island  has  given  a  figure  of  them,  a  copy  of  which  is 
insc-ted  in  the  Register  of  Arts  for  1823,  page  267:  the  cords  for  raising 
tiii'iii  jre  atlurhed  In  an  elastic  stick,  instead  of  being  held  in  the  hands 
I  III  llie  two  last  cuts. 

Tliey  are  used  by  modern  blacksmiths  of  Egypt  in  a  horizontal  position, 
7m  in  the  next  figure)  and  worked  by  an  upright  lever,    which  the  assist- 
ant pushes  from  and  draws   towards   him.      M.  P.  S.  Girard   has   given   a 
Bguri;  and  description  of  them  in  the   Grande  Deicrijilion,  tfim.  ii,  E.  M. 
.6IS,  planche  21.     He  observes   that   the   coppersmiths   of  Cairo   and 
Jexatulritt  use  the  same;   and  further  that  they  are    common  in   the   inte- 
f  of  Africa:  "leur  forme/est  probableinent  tres  ancieiiiie.     II   rusulte 
lefetdc  quelques  reseignemens  (jue  m'ont  donnes  des  marchands  venui 
Iree  les  caravane*  de  Diirfour,  que  des  soufflets  de  la  mCme  forme  sont 
nployi  par  les  peuples  de  iintcricvr  de  V Afriijuc." 
Lantern  bellows  were  formerly  common  in  Europe.     They   were  em 
oyed  in  old  organs.     See  L'Artdu  Facteur  d'Orgues,  Arts  et  M^tiere* 
p.  667,  plates  132  and  135.     Sometimes  the  blowers  had   their  feet  fixed 
upon  the  iip[>er  boards,  and  holding  by  a  horizontal  bar  they  inflated   one 
ofll'iwg  by  raising  one  foot,  and  compresseil  the  other   by    pushing   down 
•he  iiiher  foot.     (Encyc.  Antiq.)     The  scabilla  of  the  Romans  were  small 
wllowj  of  the  same  kind,  one  of  which  was  attached  to  one  foot  for   the 
f"'rj)fMt?  of  beating  time,  and  with  castanets  were  used  to  animate  dancers. 
:ire  figured  by  Montfaucrin.     The  ancients  varied  the  form  of  the 
-  almost  infinitely  in   adapting   them  to   various  piarposes.     Soma 
ere  attached  t<i  altars  to  aid  in  the  combustion  of  victims:  one   for   thii 
oje  is  represented  on  one  of  the  Hamilton   vases.      Lantern  bellow* 
■re  also  common  in  European  blast  furnaces.      No.  105  shows  their  ap- 
"fation  to  this  purpose,  copied  from  the  De  Re   Metallica  of  Agricola. 
Similar  bellows,  exce[)t  the  boards  being  of  an  oblong  form  like  the  one 
ill  103,  are  common  in   Hindostan,  and   worked   by  hand  as  in   the   next 
Hgure,  but  without  any  frnme  to  support  them;  the  blower  kneels  and 
works  them  in  nearly  a  vertical  position.     See  a  figure  in  Shoberl'a  Hin- 
dostan. vol.  V,  p.  9. 

The  bellows  of  Vulcan  were  probably  of  the  same  kind.  Those  reprij- 
■ented  in  torn,  i,  p.  24,  of  Moutfaucon's  Antiquities,  appear,  from  that 
jortion  of  them  which  is  seen  projecting  from  the  hack  of  the  forge,  to 
idenficil  with  those  in  No.  105,  and  worked  in  precisely  the  same 
In  plate  xx,  on  Painting,  of  D'Agincourt's   History   of  the   Fine 
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Art*,  wliich  contains  some  illustrations  of  the  Encid,  executed  in  the  l»r  | 
wid  5th  centuries,  Vulcan's  forge  is  represented  and  llie  belU.ws  hinwn 
behind  it,  apparently  with  the  same  kind  of  instrument  as  hcr«  shown. 


Kth  lOi.    LAnteni  Balloir*  fro»  Afncotft 

That  Vulcan's  IjcUows  were  not  permanent  fixtures  as  those  nf  tmr 
smiths  are,  but  were  similar  to  those  figured  above,  appears  from  iheir 
having  been  laid  aside  when  not  in  use,  in  common  with  other  implemenii 
of  the  forge  ;  a  practice  usual  at  the  present  time  in  various  |iart8  of 
the  east :  and  we  may  add  that  like  modern  hlacksmiths  of  Asia,  he  .«//  aX 
work.  Thus,  when  his  wife  Charis  informed  him  of  the  arrival  of  Thetis 
U  their  dweliuig,  ho  replied  ; — 

IlnMc,  ihfn.  nn<l  hnnpilnWy  ftprrnd  the  bonrd 

For  l;er  rrcnir,  while  willi  niv  b«!<t  di,'npu!ch 

I  liip  my  Irelhnni  nnil  iiiv  looU  unk, 

llf  >|)nk<-.  mill  vnnt  in  bulk  sad  bot  with  toil, 

Kuse  limping  frnrn  hi^  anvil-«iiipk, 

tjjibonie  with  pain  on  Wgf  lortiinni  and  weak: 

Firnl.  ffoni  llie  forije  dii'lodjt'd  be  Ikrust  apart 

HU  Mitnrn,  and  hi«  lool^  coHertinit  nb. 

Dealiiwcd  tbeiii  cnreliil  ill  a  silver  cbpau 

And  when  he  subsequently  returned  to  make  the  armor  which  Theli* 
required  for  her  son,  he 

to  bi«  b<>llow«  qwicM  rcpnirpd, 

Which  turning  to  the  fin.  Iiu  bride  theiu  move. — 11.  xviii Covper. 

A  singular  circumstance  is  related  by  Herodotus,  which  shows  that  the 
•sme  mode  of  obtaining  a  continuous  blast,  viz.  by  two  bellows,  (and  in  all 
probability  by  the  same  kind  as  those  above  figured)  was  employed  by 
blacksmiths  in  ancient  Greece.  The  Lacedemonians  having  been  retreat- 
edly  defeated  by  the  Tegeans,  sent  an  embassy  to  the  Delphic  oracle,  to 
ascertain  the  means  by  which  they  could  overcome  them.  The  Pythian 
assured  them  of  success  if  they  recovered  the  body  of  Orestes,  the  son 
of  Agamemnon,  which  had  been  buried  several  centuries  sumcwher*  in 
Arcadia,  the  land  of  their  enemies.  Being  unable  to  discover  the  tomb 
ihey  sent  a  second  time  to  inquire  concerning  the  place  of  his  intennnnt, 
when  they  received  the  following  answer* 
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A  nUin  within  th'  Arcodinn  Innd  I  know, 
Wiiere  donUe  trimh  with  fomil  exiTlioii  bow. 
Where  luriii  to  I'oriii  wiili  iiiiitiKil  slreiigth  replie*, 
And  dl  by  oilier  ii'    iii|>purti:d  lim; 
That  earih  cootaini  th«  great  Atrides'  aon; 
ToJce  him  and  conquer :  Tegea  llicn  ia  won. 

he  rteccipt  of  this,  search  was  again  made  for  the  body  without  Inter- 
fusion, and  at  last  it  was  discovered  in  a  singular  manner.  At  the  time  a 
•wnmerciul  intercourse  existed  between  the  two  countries,  a  Spartan  cav- 
^Inrolficfr,  named  Lichas,  being  in  Tegea,  hapjiciied  to  visit  a  smith  at  his 
forp,  and  observing  with  particular  curiosity  the  process  of  working  the 
icoii,lbr  smith  desisted  from  liis  labor  and  addressed  him  tlius:  "Stranger 
l>ISptrta,  you  seem  to  admire  the  art  which  you  contemplate;  but   how 

Elfh  mort?  Would  your  wonder  be  excited,  if  you  knew  all  that  I  am  able 
I     '  '\ ,  ■■;'; 

llfver  aimeii«ons  than  at  present,  but  when  I  opened  it,  I  discovered 
body  eijiial  in  length  to  the  coffin — I  correctly  measured  it,  and  placed  it 
ttliere  I  found  it."  Lichas,  after  hearing  this  relation,  was  induced  to 
tielieve  that  this  might  be  the  body  of  Orestes,  concerning  which  the 
oncle  had  spoken.  He  was  further  persuaded,  when  he  recollected 
tittlthe  hcUoict  of  the  smith  might  intimate  the-  tiro  tcmds;  the  anvil  and 
tb«  hammer  might  express  one  form  opposing  another;  the  iron  also, 
which  was  Itealen,  might  signify  ill  succeeding  ill,  rightly  conceiving  that 
the  UK  of  iron  operated  to  the  injury  of  mankind.  The  result  proved 
thi  «gi>city  of  tlie  Spartan:  the  body  was  recovered,  and  finally  ih*" 
jjijeina.  ^ay8  HeriHlotus,  were  conquered.     Clio,  fi7,  68. 


'<•!     Near  this  place,  as   I  was   sinking  a  well,    I    found  a 
lOits  long.      1    never   bclievod    that   men   were  formerly  of 
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The  (pplication  of  lantern  bellows  as  forcing  pumps  is,  without  doubt, 
rf gteiit  antiquity  :  their  adaptation  to  raise  water  was  too  obvious  not  to 
htfrhren  early  perceived,  and  hence  we  infer  that  they  were  at  least  oc- 
ciiionsUy  employed  for  that  purpose  by  most  of  the  nations  of  dd.  Such 
pumpt  are  mentioned  in  old  works  on  hydraulics  ;  but  as  they  have  nevci 
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come  into  general  use,  even  in  mitdern  times,  a  particular  account  orihen 
JTcviotis  to  thi*  lift  of  printing,  is  not  to  be  expecied.  A  writer  it,  tho 
Ontndc  Deter iption  of  Egi/pt,  ilescritiing  the  smith's  bellows  of  iliat  coun- 
try, obsHfvcs  ; — *'  Cos  aories  de  snulHots  etoient  employes  veriicalpiiient 
dans  Ic  seizieme  siuclc  tanl  pour  animer  lo  feu  des  forges  que  jtour  ilrctr 
V  cau,  soit  en  nirefiant  I'air  soit  en  le  comprimant;  ils  sont  decrits  daai 
I'ouvrajje  de  Ramelli,  imprimd  en  155S." 

No.  106  represents  a  double  lantern  bellows-pump,  as  used  in  the  16"i 
century.  The  mode  of  ils  operaliun  is  too  obvious  to  require  detailed 
description.  As  one  bellows  ia  distended  by  working  the  lever,  the  at- 
mosphere drives  water  up  the  suction-pipe  into  its  cavi(y  ;  and  the  other 
at  the  same  time  being  compressed,  expels  its  contents  through  the 
ascending  or  forcing  pipe  :  the  valves  at  the  lower  part  of  the  latter,  and 
those  over  the  oriKces  of  (he  two  branches  of  the  suclinti-pipe  opening  and 
closing,  as  shown  in  the  figure.  There  is  a  pump  similar  to  this,  hut 
geared  in  n  diflerent  manner,  in  Hachette's  Traite  tlemeiitaire  des  marhi 
nes.  Papin,  in  a  way  to  raise  water,  which  he  proposed  enigmaticalljf 
in  tlie  Philosophical  Transactions  in  16S5,  used  the  Inntern  bellows  as  a 
forcing-pump.  In  a  solution  by  another  writer,  it  is  said  : — "  A  vessel 
made  like  the  body  of  a  pair  of  bellows,  or  those  puffs  heretofore  used  by 
barbers  being  lilted  with  water,  a  piece  of  clockwork  put  under  it,  may 
produce  the  jets."  Phil.  Trans.  Abridg.,  vol.  i.  539.  A  similar  appli- 
cation of  the  Ijellows  was  described  in  Besson's  Theatre,  in  1579,  the 
moveable  board  being  im[)elled  by  a  spring. 

No.  107  is  another  example  of  beUows  forcing-pumps.  It  consists 
of  the  frictionles,<  piston  of  Gosset  and  Deville,  (No.  5.3.)  but  \vi"'iout  • 
valve;  a  forcing  or  ascending  pipe,  having  its  lower  orifice  covered  by  a 
valve,  is  attaclu'il  to  the  cylinder  lielow  the  piston.  Pumps  of  this  kind 
iiave  also  been  made  double  acting,  by  passing  the  piston  rod  through  a 
Ptufruig  box  on  the  top  iif  the  cylinder,  and  by  a  double  set  of  valves 
arrangetl  as  in  the  pump  (if  La  Hire. 

Oi'ltite  years  machini's  like  those  figured  in  the  two  last  cuts,  have  been 
reititrodiiced  into  Europe  and  this  country. 

Allli'itigh  we  have  not  heard  (if  any  one  having  run  out  of  his  wits  for 
joy  at  their  discovery,  like  the  lilacksmilh  mentioned  by  Cardan,  we  have 
(leiird  of  some  who  were  nearly  in  that  predicament  from  disappointment 
in  having  found  themselves  anticipated.  A  few  years  ago  they  were  an- 
nounced in  this  city  as  a  new  and  very  important  discovery ;  and  several 
gt!nllomen  allowed  their  names  to  go  abroad  as  voucliers  of  their  ori^na-^ 
lily  and  superiority  over  the  common  pump.  B 

The  proofs  of  the  anliipiity  of  many  of  our  ordinary  utensils  are  derived 
from  n'presenlations  of  them  on  vases,  candelabra,  and  other  works  of 
art  that  have  come  down.  Of  lliis,  the  domestic  bellows  is  an  example; 
tho  only  evidence  of  its  having  been  known  to  the  Greeks  or  Romans, 
is  furnished  by  a  lamp  ;  but  for  the  preservation  of  which,  it  might  have 
been  deemed  a  modern  invention.  Of  no  other  article  of  ancient  house- 
hold furniture  are  more  specimens  extant  than  of  lumps,  and  not  a  little  of  the 
public  and  private  economy  of  the  ancients  has  been  illustrated  by  tliem, 
iVmo  .g  those  in  private  collections  and  public  museums,  are  some  that 
■were  once  suspended  in  temples,  ofliers  that  illuminated  theatres  and 
baths — that  decorated  the  banqueting-rooms  of  wealthy  patricians,  as  well 
as  such  as  glimmered  in  the  dwellings  of  plebeians;  the  former  are  of 
bronze,  elaborately  wrought  and  enriched,  the  latter  mostly  of  earthen- 
ware. Tho  fertility  of  conception  displayed  in  these  utensils  is  wonderfuL 
All  nature  seems  to  have  been    ransacked  for  devices,  and  is  modifying 
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tiipm.  the  imag!n«tions  of  rhe  dcij^nerg  ran  perfectly  wild ;  while  many 
«rp  in  tln-ir  fiirm*  aiij  di-coratmris  exr|iii«itely  chaste,  others  are  biziirra 
uij  «omiT  are  obscene.  There  is  one  of  bronze  on  which  an  individual  it 
nr|irMeiited  blowing  the  flnme  with  his  mouth,  as  in  the  act  of  kindling  a 
Crp;  and  in  annther  the  artist  has  introduced,  as  an  appropriate  embellish- 
nieril.  »  person  performing  the  same  operation  with  a  pair  of  bellows,  of 
(•fTCuely  the  same  form  as  those  in  our  kitchens.  No.  I  OS  is  a  figure  nf 
tlin  iimp,  from  the  5tfa  volume  of  Moncfaucon's  Anli(]uitie8. 
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An  example  of  the  application  of  such  Ijellows  as  atmosjiheric  pumps 
has  already  been  givon,  page  207.   The  adjoining  figure  (No.  109)  is  copied 
from    Kircber's  Mundus  Sublerraneus,  torn,  i.,  p.  230,  Amsterdam,  16C5  : 
it  represents  two  large  bellows  employed  as   sucking  and  forcing  pumps, 
Bing  worked  by  a  water  wheel,  to  liie  axis  of  which   the  crank  repre 
tntr'd  was  attached. 
Bellows  like  the  last  and  worked  in  a  similar  manner,  were  among  an- 
cient devices  for  ventilating   mines  :   ihe  various   modes  of  adapting  them 
to  the  purifose  may  be  adduced  as  another  example  of  their  analogy  to 
pumps,     bomelimes  they  wore  used  to  force  down  fresh  air  in  sufficient 
quantities  to  render  the  impure   and   stagnant   atmosphere  below  respira- 
ble  ;  at   olhera  they  drew  the  foul   air  up.     In   tlie  first  case,  they  were 
placed  near  the  mouth  of  the  shaft,  a  pipe  was  attached  to  the  nozzle  and 
continue<i  down  to  the  place  where  the  miners  worked,  and  when  the  l>el- 
lows  were   put   in    motion,  currents   of  fresh   air  were   supplied.      In  the 
latter  case,  the  pipe  was  connected  to  the  opening  in  the  under  board,  i.  e. 
to  the   aspirating  valve,  through  which    the    impure    air  was   drawn,  and 
tWn  ex[>elled  out  of  the    nozzle  ;   but   in   this  case  an  expiring  valve  was 
required    in   the  nozzle,  opening  outsvards    to   prevent   air   from   entering 
tiugh  it  when  the  bellows  were  again  distended.    The  same  result  was 
netitncs  obtained  in  the  following  manner  :      An  opening  was  made  and 
covered    by  a  valve    in   the   upper    board   instead   of  the   lower   one,  and 
when   the    bellows  were   distended,  the    impure   air  rushed    up   the    pipe 
which  was   attached  to  the  nozzle,  and  was  expelled  through  the  opening 
covered  liy  the   flap  when   the  bellows  were  closed.     Several  figures   re- 
nreseiiting  these  and  other  applications  of  bellows  are  given  by  Agricola, 
Goijiiet   observes   that   draft   furnaces   were    probably    invented   early, 
Uu  Mh'cn  trere  nvt.      We  slmuld   suppose   the   reverse  was  the  fact ;  for 
he  advantages  of  an  artificial  blast  must  have  been  obvious  from  tiie  firs' 
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Use  of  firp,  and  naturally  led  to  the  lue  of  the  rooath  to  blow  it,  then  the 
reed,  sack,  and  subseijuenily  a  slit  or  valve  in  the  latter,  would  fuUuw  u 
aa  almost  necessary  seijuence  ;  and  long  before  the  idea  of  increasing  tlu< 
intensity  of  heat  by  flues  or  chimneys  could  have  been  tliought  of.  No 
natural  occurrence  could  have  led  to  the  invention  of  tliese  befoie  t'a« 
otiier,  uor  has  there,  as  yet,  been  found  any  account  or  represeotatioo  ol 
draft  furnaces  of  equal  antiquity  with  those  of  bellows. 
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CHAPTER     II. 

PirroK  lUlIowi :  UMd  is  water  orfww — Kitfnved  oa  ■  nvdal  of  VklsoUataa— Card  la  Am  ml 
Africa  Bellon  of  Mtditfacv.  Chia*M  bellow* :  AccouDt  of  two  !■  tb«  Philadelphia  Maw 
kaBarkf  oa  a  koowledfe  of  lb«  panp  amoof  tho  aocieol  Chiaaao— Chinetfi  betlowf  timilaf  ia  tkr<t 
eooftruetioa  to  itir  water<fnrc«r  of  CtosiUiot,  the  do«bl«  actiof  pomp  of  La  Hire,  tba  crlindricaJ  •teaw' 
aiif  iae,  and  coodcDuoy  and  axhaattiof  air-puia|>a.  Double  actiag  baUows  of  Uadaoacar — AlledfeU 
if  oormuca  of  the  old  PemTioo  aad  Urxican  a«iitlw  of  belluwi ;  Their  coo^tanl  ate  of  blowiaf  tabei  as 
proof  of  Uiis — Cxamplet  from  Asiatic  fold  aod  ailver  cmithi — P-'-t  "irHraat  Mniran  Vokab 
rtalurml  beliowt'punipe:  Blowiaf  appnr^tus  of  th«  wbale — Elephant — RiM  aad  descent  of  aariaaaai- 
nala— JscuUlor  fiah — Uana—Spurlin;  Snake— Lamproy—BeM— The  bran  of  man  and  aaiuali — Ct«t 
human  bain;  a  liriag  pump :  Wondcra  of  ita  mechaninB,  aad  of  Ibe  duratioa  of  ita  mvUamt  aad  aalalMi 
— Adranlaget  offtudyinf  the  mechanum  of  animali. 

The  bellows  described  in  llie  last  chapter  are  all  formed  of  leather  oi 
skins,  and  are  obvious  modifications  of  the  primitive  bag  or  sack ;  the 
wooden  ends  of  some  of  thera  licirtg  adopted  merely  to  facilitate  their 
t''8tension  and  coUapsion.     From  the  simplicity  of  their  conalniction  and 

general  efficiency  they  still  retain  a 
place  in  our  workshops  and  dwell- 
ings, and  are  in  no  danger  of  being 
replaced  by  modem  substitutes : 
but  the  ingenuity  of  ancient  bellows 
makers  was  not  exhausted  on  these, 
for  they  had  others,  differing  botli 
in  form,  materials  and  mode  of  ac- 
tion ;  viz:  piston  bclJows;  machines 
identical  with  cylindrical  forcing- 
pumps.  At  what  time  these  were 
first  devised  we  have  no  account  j 
but  as  they  are  de9cril)ed  by  Vitru- 
vius,  in  his  account  of  hydraulic  or- 
gans, without  the  slightest  intima- 
,;-.       Ij   1  II  I  /    111        "*"'  °^  ^"^'"^  being  tlien   of  recent 

'^L    M   I  1  -^       N'^V-fr^      <ia-fe,  they  may   safely   be    classed 

^S^^^  "~  r-1         Vllr         "'"""g  those  inventions,  the  origin 

^d^^;'  L_ ^1  J[         of  which  is  too  remote    to  be  is- 

^^l^^^hM  Vl^mimJt       ^      covered. 

No.  110  represents  a  person  work- 
ing two  of  them  to  supply  wind  for 
a  water  organ,  from  Bavbaro's  Vi- 
truvius,  Venice,  1567.  They  are  sub- 
stantially the  same  as  those  figured 
by  Perraiilt  and  Newton  in  their 
translations,  and  by  Kircher  ia  his  Musurgia  Universalis,  (torn,  ii,  332.) 
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Tbe  blower,  by  allernately  raising  one  piston  and  depressing  lh«!  «rther, 
nimi]>ed  air  info  a  large  reservoir :  this  was  an  open  vessel  inverted 
into  onotlier  containing  water,  and  as  the  air  accnnmliilcd  in  the  former, 
liic  lii]aid  was  gradually  displaced  and  rose  in  the  latter,  as  in  a  gas 
hoUor.  It  was  the  constant  pressure  exerted  by  this  displaced  water 
ihit  urged  die  air  through  the  ]>ipes  of  the  organ,  whenever  the  valves  for 
in  lulmission  were  o]H'ned.  The  (|uestion,  j)erha])s  may  he  asked,  Why 
did  tLe  ancients  prefer  these  Ijellows  in  their  organs  to  those  formed  of 
Ifither  and  boards,  such  as  are  figured  at  Nos.  105,  108,  109  !  Probably 
betattse  the  pressure  -equired  to  be  overcome  in  forcing  air  into  the  reser- 
roirj  was  greater  than  the  form  and  materials  of  the  latter  could  safely 
Sear.  It  is  very  obvious  from  tlie  brief  description  of  tiie  uiston  bellowi 
of  the  Romans,  that  they  were  calculated  to  produce  much  stronger  blasts 
tkn  could  he  obtained  from  those  made  of  leather.  V'itruvius  iiifonns  tis 
llut  tlie  cylinders  and  valves  were  made  of  brant,  and  the  pistons  were 
acduatfli/  turned  and  covered  (or  packed)  with  strips  of  unshorn  sheep- 
skin*.   They  seem  to  have  lieen  perfect  condensing  aii^pumj)s. 

A  figurt!  «.if  an  ancient  hydraulic  organ  is  preserved  on  a  medal  of  Val- 
cntininii :  two  men,  one  on  each  side,  are  represented  as  pumping  and 
lljioning  to  its  music.  This  mednl  is  engraved  in  the  .third  volume  of 
Mdiiiiiiiicon's  Antii]uiiies,  (plate  2(3,)  liut  the  piston  i-ods  only  are  in  sight ; 
tbfl  top  of  the  cylinders  being  level  with  the  base  on  which  the  blowers 
•tDid. 

Atpitton  bellows  were  known  in  the  old  world,  it  might  be  supposed 
thev  vnuld  still  be  employed  in  those  partji  of  the  East  where  the  arti 
»ti(l  customs  of  fonner  ages  have  l>een  moii,  o.'  less  reliijiously  retained. 
Such  is  the  fact ;  for  like  other  devices  of  ancient  common  life,  they  are 
used  liy  several  of  the  half  civilized  irilios  .'t  Asia  and  Africii — people, 
tnio!i2  whom  we  are  sure  to  meet  with  numerous  primitive  contrivaIlce^. 
einMied  in  the  game  rude  forms  and  materials  as  they  were  liefon' 
Gr«;ian  taste  or  Roman  skill  improved  them.  It  is  chiefly  to  the  in- 
ruIemBJ  obseirations  of  a  few  travelers  that  we  arc  indclited  for  a  know- 
Mgs  of  tiiese  implements  in  modem  days;  but  when  the  limes  arrive 
f"r  Voyages  of  discovery  to  be  undertaken  for  the  purpose  of  describing 
'he  macliiiics,  manufactures  and  domestic  utensils  of  ifie  various  nations 
"I  the  earth  ;  (undertakings  of  equal  importance  witli  any  other,)  these 
Wiowd  and  their  numerous  modifications  will  funiish  materials  for  a  chap- 
|f  in  tlie  history  of  the  useful  arts  that  will  lie  replete  with  interesting 
ifformation.  As  they  are  clearly  identified  with  the  forcing-punip,  an 
wtnutit  of  some  of  them  will  not  be  out  of  place. 

Dimpier  thus  descriljes  the  bellows   used  by  the  blacksmiths  of  Min- 

Bnnao.  "  They  are  made  of  a  wooden  cylinder,  the  trunk  of  a  tree,  about 

three  feet  long,  lx)n?d  hollow  iike  a  pump,  and  set  upright  on  the  grounil; 

on  which  the  fire  itself  is  made.    Near  the  lower  end  there  is  a  small  hole 

in  the  side  of  the  tnink  next  the   fire  made  to  receive  a  pipe  ;  through 

which  the  wHnd  is  driven  to  the  fire  by  a  great  bunch   of  fine  featheif, 

ftitened  to  one  end  of  a  stick,  which  closing  iiji  the  inside  of  the  cylindci, 

drives  the  air  out  of  the  cylinder  throneh  the  j'ipe.     Two  of  these  tninks, 

or  cylinders,  are  placed  so   nigh  together,  llial   a  man  standing  between 

fhem  may  work  them  both  at  once,  one  with  each  hand."'  Here  we  liave 

both  the  single  and  double  chambered  f'lrrinsr-pump;  and  although  Dam- 

pirr  1  as  not  noticed    the  valves,  the    instruments  were  certainly  furnished 

with  tlicm.  or  Nrith  some  contrivance  anaU'gous  to  them,  but  being  out  of 
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Bight,  were  left  unnoticed  by  that  intelligent  sailor.  Tlie  l>ellowa  oiMtula- 
gasair,  says  Sonnerat,  '•  M  composed  of  the  hollow  tninks  of  two  ireei 
tied  together.  In  the  bottom  lliere  ai-c  rvvn  iron  funnels,  and  in  the  inside 
of  each  trunk  a  sucker  fumi^hed  with  rafhti,  which  supplies  the  place  of 
low.  The  apprentice,  whose  business  it  is  to  use  this  machiius  altenintely 
sinks  one  of  the  suckers  while  he  niises  the  other."'*  Similar  implemenu 
are  also  used  in  smelting  iron  as  well  as  in  forcing  it.  In  tlic  first  volume 
of  Ellis'a  "  History  o{  Madajjascar,"  Lon.  1838,  there  is  a  represeiitiitior 
of  two  men  reducing  iron  ore  by  means  of  four  piston  bellows.  No.  Ill 
it  a  copy. 
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The  furnace  is  described  as  a  more  hole  dug  in  the  ground,  lined  with 
rude  stonework  and  plastered  with  clay.  It  was  filled  with  alternate 
layers  of  charcoal  and  ore,  and  covered  by  a  conical  roof  of  clay,  a  small 
opening  being  left  al  the  apex.  The  bellows  were  formed  of  the  irunlu 
of  trees,  and  stood  five  feet  above  the  ground,  in  which  tliey  were  firmly 
iinbediled.  The  lower  ends  were  closed  "  air  tight,"  and  a  short  bamboo 
tube  tonveyed  the  wind  from  each  to  ihe  fire,  as  represented.  "  A  rude 
sort  (if  j)iston  is  Htlod  to  each  of  the  cylinders,  and  the  apparatus  for  rais- 
ing the  wind  is  cnnplete."  As  no  mention  is  made  of  valves  nor  of  the 
openings  through  which  air  entered  the  cylinders,  it  is  probable  that  the 
pistons  were  jierfoniled  for  that  purpose,  and  the  passages  covered  by 
naps  or  valves  opening  dowaiwards,  a  device  which  the  artificers  of 
Madagascar  are  ii''i[uiiiiit>;d  with.  See  No.  114.  These  bellows  are  of 
various  sizes,  though  generally  from  4  to  0  inches  in  diameter.  S-jmelitnes 
only  one  is  used,  but  it  is  tlieti  made  of  larger  dimensions,  and  the  blower 
itantl-1  and  works  it  with  botli  his  hands.  To  do  it  conveniently,  he  raise* 
himself  on  a  Imiik  of  earth.  The  bellows  are  not  always  perpendicular, 
Init  are  inclined  as  figured  in  the  back  ground  of  tlie  cut. 
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The  blBcksmuhs  of  Java  use  the  same  kind.  Raffles,  in  his  Hisiory  oi 
tLv  IsloTxl,  (S  vol.  193,)  after  quoting  Damjiier's  description  of  the  l>el' 
lovrs  of  Mindiinan,  observes  his  account  "  exactly  corresponds"  with 
that  of  Java.  "The  blacksmiths'  bellows  ni  Sumatra,"  says  Mr.  Marsdeu 
•"  arc  thus  constnictcd  :  two  bamboos  of  about  four  inches  dinnieter  ant' 
five  feet  in  length,  stand  perpendicularly  near  tlie  fire,  open  at  the 
upper  end  and  stopjicd  below.  About  an  inch  or  two  from  the  bottom  a 
small  joint  of  bamboo  is  inserted  into  each,  which  serve  as  nozzles,  point- 
ing to  and  meeting  at  the  fire.  To  produce  a  stream  of  air,  bunches  of 
leathers,  or  othtr  soft  substance,  are  worked  up  and  down  in  the  upright 
cubes  like  the  piston  of  a  pump.  These,  when  pushed  downwards,  force 
\Le  air  thro>i»h  the  small  horizontal  tubes  ;  and  by  raising  and  sinking 
each  ultemately,  a  continual  current  of  air  is  kept  up."*  The  Buxhe* 
Islai'.ders  use  the  same  kind  of  bellows.*  The  smiths  of  Biili  have  them 
•Iso :  "  their  instruments  are  few  and  simple,  their  forge  small,  and 
\vorked  by  a  pair  of  upright  bellows,  such  as  we  find  described  in  Raf- 
fi««'  J i«va  "•  They  are  not  contined  to  soutliern  Asia  and  the  Ethiopian 
Archi|iclft?o,  but  are  used  in  continental  Africa.  "  The  bellows  of  the 
w»gro  artihcers  on  the  Gnmbia,  are:  a  thick  reed  or  a  hollow  piece  of  wood, 
in  \\  liich  IS  put  a  stick  wound  about  with  feathers,  [a  piston,]  which  by 
moxinf  of  the  stick,  makes  tlie  wind."' 

Without  entering  into  the  controversy  respecting  the  origin  of  wooden 
bellows,  it  may  be  inferred  from  the  precedmg  extracts,  that  such  have 
been  in  use  from  remote  times  ;  ami  that  the  cylindrical  forcitig-pumj),  so 
far  as  regards  the  princijile  of  its  construction,  is  ecjuallv  ancient:  of  this, 
the  instrument  now  to  be  described,  attbrds  another  indication.  It  is  the 
bellows  of  the  most  numerous  and  most  singular  of  all  existing  people — 
a  people,  the  wisdom  of  whose  government  has  preseiTed  them  as  a  na- 
tion, through  periods  of  time  unexampled  in  the  history  of  die  world,  and 
vhich  still  preserves  them  amidst  the  prostration  by  Kuropean  cupidity  of 
tearly  all  th*?  notions  around  them  ;  a  people,  loo,  who  notwithstanding 
>U  that  our  vanity  may  suggest  to  depreciatf ,  have  furnished  evidence  of 
•H  excellence  in  some  of  the  arts  that  never  has  been  surjiassed.  The 
Chtnesf,  like  the  ancient  Egyjitiuns,  whom  they  greatly  resemble,  have 
been  the  instructors  of  Europeans  in  several  of  the  useful  arts;  but  the  pu- 
pils, like  the  Greeks  of  old,  have  often  refused  to  acknowledsfe  the  source 
whence  many  inventions  possessed  by  tliem  were  derived,  but  have 
claimed  them  as  their  own  :  of  the  truth  of  this  remark,  we  need  only 
mention  jtrintine,  the  mariner's  rotn/imt,  and  gvniiouder. 

In  the  bellows  of  the  Chinese,  we  perceive  the  characteristic  ingenuitv 
and  originality  of  that  people's  inventions.  A  descriplion  and  figure  of  their 
bellows  were  published  in  London,  1757,  by  Mr.  Chambers,  in  a  work  en- 
titled "  Designs  of  Chinese  Buildings,  Furniture,  Dresses,  Machines  and 
Utensils,  from  dnnvings  made  in  China."  The  following  account  from 
the  ft^iirth  volume  of  the  "  Chinese  Repository,"  a  very  interesting  work 
published  at  Canton  in  China,  is  sulistaiitially  the  same.  "  The  bellows 
used  by  them  is  very  aptly  called  '  Fang  Sfang,  '  wind  box,'  and  is 
contained  in  an  oblong  box  about  two  feet  long,  ten  inches  high,  and  six 
inches  wide.  These  dimensions,  however,  vary  according  to  the  whim  of 
the  maker,  and  they  occur  from  eig/it  inches,  to  four  feet  or  more  in  length, 
I  of  the  width  and  height.  The  annexed  profile  Mew  will  g^vo 
idea  of  the  principle  upon  which  it  is  constructed." 


Ha4nry  of  Sumntra,  p.  181.     '  DamiiicrN  Vovsj;e«.  i.  429.    •  Chinese  Repositorf 
iv.  4o6.     < Ogilvys  Africa,  I^n.  1670,  p.  356. 
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"  A,  B,  C,  D,  is  a  box  ilivided  into  two  chambers  at  the  line  OH.  In 
the  upper  one  is  tJic  piston  E,  which  is  moved  buckwurds  and  turwurdtf 
by  means  of  the  handles   attaclied  to   it;  atid  is  made  lo  lit   clo^elj  ]iy 

~  means  of  leather  or  fraper. 

The  lid  of  tlie  box  ilide* 
upon  the  top,  aiid  is  sutfi- 
cicnlly  tliick  to  allow  the 
workman  to  labor  u]x>ii  it 
At  F  J  are  two  smtU 
holes  each  covered  wi:L  • 
valve ;  and  just  below 
them,  at  O  H  in  the  d^vi- 


^f^ 
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sion  of  the  two  chambers,  are  larger  holes,  for  tlie  entrance  of  t^ 
witid  into  the  lower  chamber.  This  part  of  ti'.e  bellows  is  made  ol"  a 
thick  plank,  holtovved  into  an  ovoid  form,  and  is  about  an  inch  ilitck. 
The  clapj)er  G  is  fastened  to  the  back  side  of  the  box,  and  plays  hori- 
zontally against  the  two  stops  placed  near  the  mouth  I.  It  is  made  m 
high  as  llie  chamber,  and  when  forced  against  the  stop,  it  entirely  close* 
die  passage  of  air  beyond.  When  the  piston  is  forced  inwai  ds,  as  repre- 
sented in  the  cut,  the  valve  at  F  is  closed,  and  that  at  J  is  opened  ;  and 
tlius  the  upper  chamber  is  constantly  filled  with  air.  The  wind  driven 
into  the  lower  chamber  by  ilie  piston  urges  the  clapper  G  against  the 
stop,  and  is  consequently  forced  out  at  the  mouth.  The  stream  of  air  is  nuin- 
terrupted,  but  not  ecjunble,  tiiough  in  the  large  ones  die  inequality  is  hardly 
perceived.  An  iron  tube  is  sometirnes  attached  to  tlie  mouth  wlucli  leaus 
to  the  funittce,  and  in  other  cases  the  mouth  itself  is  made  of  iron."  Th« 
Chinese  generally  use  tliem  in  an  inclined  or  horizontal  position,  fre<]ueatly 
making  use  of  the  upper  side  as  a  work  bench.  In  the  figure  (and  ihi 
•jne  given  by  Chambers)  two  rods  are  connected  to  the  jiiston  to  prevent 
k  from  springing  when  used  :  this  apirears  to  be  the  practice  with  regarJ 
to  tliose  of  large  dimensions.  In  small  ones  a  single  rod  is  sometime-:  used, 
and  the  chamber  is  cylindrical.  In  the  collection  of  -M.  IJertin,  (a  Frenc'i 
minister  and  secretary  of  state  in  the  former  part  of  the  last  cenlury.) 
which  contained  "  about  400  original  drawings,  made  at  Pckin,  of  the 
arts  and  manufactures  of  China  "  a  portable  and  single-acting  bellows  is 
represented  as  in  the  next  figure.* 

"  This  instrument  is 
made  like  a  box  ia 
which  is  a  piston,  so 
constructed  that  when 
it  is  drawn  out  behind, 
the  vacuum  which  it  oc- 
casions in  the  box  makes 
the  air  rush  in  with  great 
impetuosity  tlirough  a 
lateral  opening,  to  which 
a  sucker  [a  valve]  is  af- 
fixed :  and  when  tlie  pis- 
ton returns  in  an  inverse 
direcuon,  the  sucker 
N.  11,3.   ciiiai»«8iii(i>BgUo<n,udTtBksr.  [valve)  closes  itself,  and 

the  air  is  forced  out  by  the  opposite  extremity."     Navarctte  preferred  die 

■  Cliiiia.  its  Ctuloms,  .\rt«,  Ac.,  traixlaled  rrota  the  French.    Lon.  1824  ;  vol.  i.  17 
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lincic  bellows  to  the  European  one,  lie  said  it  was  more  conimndious 
1  efficient.^  It  is  employed  to  some  extent  in  Java,  huviiig  l)Ccn  intro- 
ed  from  China.* 

Since  the  preceding  remarks  were   ^vritten,  we  have   L-xiuninod   two 

flowj  from  China,  in  the  splendid  "Chinese  Collection"  in  PTiiladcljihltt. 

■  ot'tliem  belonged  to  a  traveling  blacksmith.     It  is  formed  of  u  c^lin- 

ijcil  joint  of  bamboo,  2i  feet  in  length,  and  between  five  and  six  iiiclios 

nc'tor.     The  piston  rod  is  a  wire  -^  or  |  of  an  inch  diick,  with  a  small 

clet  handle.    Air  is  admitted  through  a  cluster  of  five  or  six  small  holes 

k^uh  end,  which  are  covered  in  the  inside  by  paper  flaps :  these  are  the 

joetion  viilves,  marked  J  F  in  No.  Ii3.     Along  one  side  of  the  bellows 

jtrip  «f  wood  2J  inches  ^v^de  and  IJ  thick,  is  secured  by  what  aj>peara 

^U  ci^t  small  thumb  screws,  and  the  junction  made  tight  by  cement  op 

[ ;  this  projecting  piece  resembles  those  on  the  sides  of  high  pressui^ 

ngine  cylinders,  and  is  intended  for  a  somewhat  similar  purpose,  its 

r  being  hollowed  into  a  passage  for  the  wind  when  expelled  by  the 

_j  fn)m  cither  end  of  the  cylinder.     A  short  metallic  tube  conveys 

ivrind  from  the  middle  of  diis  piece  to  the  furnace  as  in  No.  112.    The 

>flf  tiie  licllows  ore  secured   from  splitting  by  two  thin  and   narrow 

I  boops,  and  at  one  place  a  small  clamp  is  driven  across  a  crack,  us  is 

etimes  ])racticcd  in  mending  wriodcn   bowls.     The  instrument  rcsem- 

I  the  one  in  the  last  figure,  but  is  double  acting:  the  figure  of  the  artist 

•£Com]Kinyiiig  it  i»  seated  on  the  ground  and  works  it  with  one  hand  while 
h»  ottenJs  the  fire  with  the  oilier. 

The  oilier  IhjIIows  consists  of  a  long  box  like  die  one  figured  £.t  No.  112. 

From  the  circumstance  of  its  not  being  confined   in  a  glass  case,  and  per- 

nil«ioii  to  examine  its  interior  having  been  politely  accorded,  we  haa  an 

jpiKirtunity  of  ascertaining  some  particulars  that  are  not  mentioned  in  any 

pulilislicd  nccouiit  of  these   instruments  that  hiis  fallen  in  our  way.     It  is 

twmly-two  inchos  long,  seven   deep,  and  five  wide,  mnde  of  thin  boards 

of  «e|>ccics  of  fir  and  extremely  light :  ihe  sides  and  ends  are  dovetailed 

^■Ei'tlirr;  and  the  bottom  appeared  to  be  intended  to  slide  over  the  sides, 

^■ffing  {trips  projecting  from  it  and  no  [uns  or  nails  visible  ;   diis  arrange- 

^Hnt  enables  a  |M!rson  to  examine  the  interior,  and  to  re|ihice  or  repair  uie 

^Uves,  iVc.  with  great  f.icilily.    The  boards  of  whirli  the  machine  is  made 

We  of  »  uniform  thickness  (about  ^  of  an  in<Ii)  except   the  lop,  which  is 

l\  inclips.     The  reason  for  this  extra  thickness  was  perceiveil  as  soon  as 

it  wu  removed,  (it  was  secured   to  the  sides  and  ends  by  long  wooden 

piw,)  for  a  deep  and  wide  groove  is  made  through  its  whole  lengdi  with 

tie  exception  of  J  of  an  inch  at  each  end,  and  at  the  middle  of  the  groove 

tjMsssigc  is  cut  at  inght  angles  to  it  through  one  side  for  die  air  to  pass 

iMo  the  tuyere.     Upon  the   removal  of  this  diick  cover,  the  inside  of  the 

box  was  not  exposed,  for  another  lliiw  ono  was  found   inserted  within  the 

n'dea,  and  flush  with  their  edges.     This  was  a  board  sli]>p<.-d  between  the 

■des  and  resting  upon  the  upper  e<i'^e  ofibu  piston,  having  two  openings, 

OM  at  each  end,  which  coincided  willi  the  groove  in  the  outer  cover,  (the 

toner  cover  is  represented   by  the  line  II  O  in  No.  112  ;)  hence  die  wind 

il  driven  by  tjie  piston  alternately  through  each  opening  into  the  groove, 

ind   by  the  action   of  the  valve  in  the  middle  of  llie  latter,  is  compi.-llcd 

10  pass  info   the  tuyere.     This   valve  is  represented  at  G   in  No.   1 18, 

kad  from  an   insp<>ction  of  that  cut,  it  will   be  apparent  that  some  contri- 

rance  of  the  kind  is  absolutely  necessary,  in  order  to  prevent  the  wind 

when  forred  from  one  end  of  the  bellows,  from  passing  along  the  groove 

*  H'lstnire  Gnn6rale,  Tom.  viii.  100.     <  Rafflei'  Java,  ii.  193. 
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into  the  otLc  end  :  it  consEts  of  a  narrow  piece  of  lianl  w  cod  of  the  tann 
dejilh  as  the  groove,  and  of  a  length  that  ratlior  excecils  llif  wnilih  ol 
the  groove.  A  hole  is  drilled  through  one  end  and  a  pin  drivca  ilirouell 
it  into  the  solid  part  of  the  cover,  so  that  it  turns  iTei.-lv  on  thia  pin,  u.il 
clus(.'8  und  opens  a  passage  for  the  cscajie  of  the  wind  into  the  tuyere.  Il 
is  ilrivcn  bv  the  wind  at  every  8tn>ko  of  tlio  piston  agitinst  the  op[)i»iie 
chet'k  of  tJic  groove,  and  tlius  ])r<!Vents  llic  « ind  fn)m  ]>u^«ins  tiitn  the 
oilier  end  of  the  cylinder,  as  shown  at  G  in  No.  1 12.  It  is  surprisiii<r  how 
easily  this  valve  plays  although  its  upper  and  lower  otlges  riih  nguiiist  llie 
surfiiccs  of  the  two  covers — a  trifling  movement  of  the  jiisTnn  drivci  it 
against  die  cheek,  and  occasions  a  snujiping  sound  somewhat  like  liiat 
from  the  contact  of  metal. 

When  the  inner  cover  was  raised  out  of  its  place,  the  piston  and  imluc- 
tion  valves  were  ex]>osed  to  view,  and  the  simplicity  and  efficiency  of 
these  parts  were  in  keeping  with  the  rest  :  the  two  valve*  are  mere  ftnps 
of  paper,  glued  at  their  lotrrr  edges  to  the  under  side  of  the  oi)ening», 
and  hence  Uiey  stand  nearly  ()erpendicular,  instead  of  U-ing  siL«pcntle«l  from 
above ;  the  slightest  impulse  of  air  closed  them.  Tiic  piston  is  half  an 
inch  tliick,  but  is  i-cduced  at  the  edges  to  a  quarter  of  one  ;  il  ap]>ears  to 
be  formed  of  two  thin  pieces  which,  united,  are  ecpinl  in  thickness  lo  that 
mentioned  ;  and  between  lliemnre  inserted  two  small  sheets  of  moderately 
•tiff  paper,  which  jimject  an  inch  over  every  side.  The  part  that  pro- 
jects is  folded  at  the  corners  ami  lunicd  over  the  edges  of  ihe  piston} 
one  sheet  being  turned  one  way,  and  the  otlier  the  contrary,  so  that  when 
the  piston  is  moved,  the  air  pres.ies  the  puper  against  the  sides  of  the  l>el- 
lows  and  renders  the  piston  perfectly  tight,  on  the  same  principle  as  the 
double  cupped  leathers  of  fire-on'_'iii<;5  and  nlher  forcing-pumps  ;  und  u 
the  same  rime  wiiliout  any  pcrcciitible  incicn-sc  of  friction.  The  two  pis- 
ton rods  are  half  inch  square,  ami  work  tlirough  holes  in  one  end  of  the 
box  without  any  stuffing-box.  The  whole  macliine  is  of  wood,  exe«'[»l 
the  paper  for  the  piston  and  valves.  Aldiough  tlie  instrument  apjieiirs  la 
be  a  rectangular  box,  it  is  not  exactly  so,  the  bottom  being  a  little  wider 
than  the  top. 

It  would  be  superfluous  lo  point  out  the  application  of  piston  bellows  tc 
raise  water,  since  they  are  perfect  inndcls  of  our  atmospheric  and  foi-cing* 
pumps.  Why,  then,  it  may  be  asked  ai-e  not  the  Chinese  found  in  tlie 
possession  of  the  latter  (  In  ruply  to  tliis  question,  it  may  be  observed  :  I, 
That  from  our  imperfect  knowledge  of  llio  people,  it  is  not  certain  that 
such  machines  have  not  Injen,  and  arc  not  used  to  a  limited  extent  in  the 
interior  of  ihiit  great  empire.  2.  Tlmt  custom,  and  probably  experience, 
have  induced  tliom,  in  common  witSi  other  nations  of  the  Oriental  world, 
to  give  the  preference  to  more  siiiipUj  devices — to  their  chain  pump,  bam- 
boo wlieel,  &c.,  a  preference  which  wo  know  is  in  some  instances  based 
on  solid  grounds:  for  example,  llio  chain  pump  as  used  by  them,  raises 
more  water  with  the  same  amount  of  labor,  than  any  atmosplieric  or  forc- 
tng-pump,  if  placed  under  the  same  circumstimces.  And  as  for  the  noria 
or  bamboo  wheel,  which  driven  by  a  ciiiTcnt,  raises  water  night  and  day, 
and  Crorn  20  lo  50  feet,  wo  are  told  that  it  answers  the  pur|>ose  "as  com- 


I 
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pleti'ly  as  l)ie  most  complicated  European  machine  could  do;  and  I  M'ill 
answi'r  for  it  [says  Van  Rraain]  that  it  does  not  occasion  an  exjiense  of 
ten  dollars."  3.  A  circumstance  connected  witli  one  of  their  ancient  as  well 
as  modern  scenic  representations,  shows  that  when  ihc Jorcing  ox  s|V)UliDe 
of  water  is  required,  their  artists  ore  at  no  loss  for  devices  to  effer t  it;  ana 
that,  loo,  under  very  unusual  circumstances.  One  of  the  pantomimes  per- 
formed at    Pekin  is  the  "  Marriage  of  the  Sea  with  titt  Land."     The 
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latt<<r  <livinlty  nuulc  a  diuplny  f>f  his  wealth  and  productions,  sucli  as  An.- 
gpns,  etephaiila,  tigers,  eaglps,  ostriches,  chestnut  and  pine  trees,  &c. 
The  OceiiH,  on  the  other  band,  collected  whales,  dolphins,  poi^ioises  und 
other  sea  monstei-s,  tojjether  wiili  siiips,  rocks,  shells,  &c.,  "  all  these  ob- 
jects vrere  reprcseuted  by  performers  concealed  under  cloths,  and  who 
played  their  parts  admirably.  The  two  assernbluges  of  productions,  ler- 
restriiil  and  marine,  made  tlie  tour  of  the  stage,  and  then  opened  right  and 
left  to  leave  room  for  an  immense  whale,  which  placed  itself  directly 
before  the  emperor,  and  s/>outrd  out  accrral  Jiogs/iemU  of  irater,  which 
inundated  the  spectators  who  were  in  the  pit.''"  As  both  the  water  and 
forcing  apparatus  were  contained  within  the  moving  figure,  we  can  only 
bt-agine  the  jets  to  have  been  produced  by  means  of  piston  or  beliowj 
forciiig-pura|>s,  or  something  analogous  to  them — or  by  air  condensed  in 
one  or  more  vessels  containmg  water,  like  soda  fountauis.  4.  If  Chinese 
Ibds  never  discovered  a  source  of  amusement  in  the  application  of  their 
bellows  (some  of,  which  are  only  rig/it  imha  long)  as  squirts  or  pumps, 
they  must  diifer  essentially  from  liids  of  other  nations — a  jiosition  that  few 
jalges  of  human  nature  would  admit.  Boys  are  the  same  in  all  ages,  and 
the  mischievous  youngsters  of  the  Celestial  Empire  have  doubtless 
oP.en  derived  as  much  pleasure  from  annoying  one  another  with  water 
ejected  from  these  implements,  as  those  of  Europe  and  this  country  do 
with  Mrnilar  devices.  Such  on  a])pIicalion  of  them  was  sure  to  be  found 
out  by  boys,  if  by  no  one  else.  Whether  the  bellows-pump  originated 
in  this  manner  or  not,  may  bo  uncertain,  but  several  useful  discoveries 
have  been  brought  to  light  in  much  the  same  way  :  it  was  a  youth  who 
ehauged  the  whole  character  of  the  steam-engine,  by  giving  it  that  feature 
upon  which  its  general  utility  depends — his  ingenuity,  stimulated  by  a 
love  of  play,  rendered  it  self-acting. 

The  antiquity  of  the  Chinese  bellows  is  a  subject  of  much  interest.  It 
may  have  been  the  instrument  which  Anacharsis  introduced  into  Greece,  it 
having,  perhaps,  been  employed  by  his  countrymen,  tlie  ancient  Scythians, 
as  well  as  by  their  descendants,  the  modem  TaiTars.  If  it  has  been  in 
tisc,  as  supposed,  from  times  anterior  to  Grecian  and  Roman  eras,  the 
origin  of  the  pump  in  the  second  century  B.  C.  can  hardly  be  sustained; 
for  when  the  induction  valves  of  one  of  these  bellows  are  [ilaced  in  water, 
(as  we  suppose  has  occasionally  been  done  ever  since  its  invention,)  it  is 
then  the  "  water  forcer"  of  Ctesibius ;  and  if  pipes  be  connected  to  F  and 
J,  (No.  112,)  and  tlicir  orifices  placed  in  a  liijuid,  the  apparatus  becomes 
tlie  double  acting  pump  of  La  Hire.  But  what  may  be  surprising  to  some 
persons,  its  construction  is  identical  with  that  of  the  stcum-cngine  ;  for  let 
It  be  furnished  with  a  crank  and  fly  wheel  to  regulate  the  movements  of 
its  piston,  and  with  apparatus  to  open  and  close  its  valves,  then  admit 
steam  thmngh  its  nozzle,  and  it  becomes  the  double  acting  engine  of  Boul- 
ton  and  Watt.  Again,  connect  its  induction  orifices  to  a  receiver,  and  it 
bcc<imes  an  exhausting  air-pump;  applv  its  nozzle  to  the  same  vessel,  and 
it  is  a  condensing  one.  The  most  pcrrcct  blowing  machine,  and  the  chef 
d'aurre  of  modern  modifications  of  the  pump,  are  also  its  fac-similes. 

It  would  seem  ilnit  the  Chinese  have  other  kinds  of  bellows,  or  differ- 
ent modes  of  working  these.  Bell,  in  his  account  of  the  Russian  embassy 
bi  1730,  says  that  he  was  lodged  in  a  village  twelve  miles  from  I'ekiu  in 
a  cook's  house,  which  ?ave  him  an  opportunity  of  observing  the  cust<ims  of 
the  people  even  on  trifling  occasions  :  "  My  landlord,"  he  observes,  "  be 
tag  ui  his  shop,  1  paid  hira  a  visit,  where  I  found  six  kettles  placed  in  a 
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row  on  furnaces,  having  i  separate  opening  under  each  of  them  for  r^ 
cei^nnp  the  fuel,  which  consisted  of  a  few  small  slicks  and  straw.  On 
kU  pul/mg  a  thnns,  he  blew  a  pair  of  bellows  which  maile  all  hLs  kettlet 
boil  ill  a  very  short  tirco."*  Like  other  Asiatics,  llie  Chinese  have  proba- 
bly a  variety  of  these  instruinpnta.  The  van,  or  winnowing  tnachine, 
which  we  have  received  from  tliem,  is  a  rotary  bellows.  Sec  page  70 
of  this  volume. 

Various  rotary  bellows  are  described  by  Agricola,  as  employed  in  the 
ventilation  of  mines,  and  worked  by  men  with  cranks,  and  in  one  instance 
by  a  horse  treading  on  the  periphery  of  a  wheel.*  Rotary  blowing 
machines  have  been  represented  as  of  more  icccnt  origin,  but  they  ore  in 
all  probability  of  great  antiouity.  The  Spaniards  introduced  them  into 
Peru  as  early  as  1545,  to  reduce  the  silver  ores,  but  they  were  soon  aban- 
doned.*    For  rotary  pumps,  see  a  subsei]uent  chapter  of  tliis  book. 

We  are  indebted  for  some  interesting  iiiformmion  respecting  the  arts  of 
various  islanders  of  the  Indian  ocean  to  Mr.  William  Clark  of  Philadel 
phia,  who,  besides  spending  sevend  years  in  whaling  voyages,  resided 
two  years  in  Southern  Africa.  The  vessel  to  which  he  was  attached  hav- 
ing on  one  occasion  touched  on  the  coast  of  .Madcgoscar,  some  native 
smiths  wei-e  found  using  bellows  that  excited  particular  attention  ;  some 
were  cylindrical,  being  formed  of  bored  logs,  olliers  were  square  trunks, 
five  or  six  inches  in  diameter,  and  about  five  feet  long;  but  the  inlernal 
construction  of  both  ^^•as  the  same.  The  ship's  carpenter  was  pcnn:tte<l 
to  open  one.  It  was  composed  of  four  planks  that  had  been  split  from 
trees,  the  insides  shaved  smooth  and  straight,  and  the  whole  put  together 
with  wooden  pins  instead  of  noils  or  screws.  It  was  divided  into  two 
parts  by  a  partition  or  disk,  which  was  permanently  secured  in  its  place, 
(shown  at  A  in  the  annexed  cut,)  where,  like  a  piston,  it  occupied  tli<! 
entire  space  across.  On  one  side  of  the  trunk,  atid 
J(  opposite  the  edge  of  A,  an  opening  \»'as  made  for 

the  insertion  of  the  tube  C  that  conveyed  the  wind 
to  the  fire,  the  edee  of  A  iit  this  place  l>eina:  feather- 
iJ  I'H  ed,  and  a  smedl  projecting  piece  added   to  it,  in 

f    W  order  to  direct  the  current  of  air  from  eillier  side 

,  i  wf  of  tlie  partition  into  C     An  opening  was  made  in 

lll'H  ^^  centre  of  A,  throusfh  which  a  smooth   pi^ton 

'  '|l  Fni  roJ  J^i  Jilayed  ;  two  pistons  or  boards,  P  P,  accu- 

rately fitted  to  work  in  the  trunk,  were  attached 
on  opposite  sides  of  the  partition  to  B ;  tlicse  pis- 
tons were  perforated,  und  the  openings  covered  by 
flaps  or  vaJves  like  those  of  a  common  pump  box, 
but  the  upper  one  was  secured  to  tlie  under  side 
of  the  piston  as  shown  in  tlie  figure.  The  trunk 
rested  on  four  short  pieces  of  wood  pegged  to  it. 
In  some,  holes  were  made  at  the  lower  part  for 
the  admission  of  air.  These  bellows  were  there- 
fore double  acting,  and  conseipieiitly  one  of  them 
was  equal  in  its  effects  to  two  of  ihose  represonted 
at  No.  Ill,  which  drive  the  air  out  only  on  tlie  de- 
scent of  the  piston,  whTca  i  these  forced  it  into  the 
fire  both  on  ascending  ar.d  descending.  'J'lins, 
when  die  blower  raised  the  rod  15,  the  flap  on  llw 
lower  piston  closed,  and  llie  air  in  that  division  ol 

•  Eeir»  Travel*,  i.  31'i  '  Ds  Re  Meiollica.  pp  162,  163,  l&i,  169.  •  Gvcilu«>'> 
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Ite  Wink  was  expMjllcd  through  C  ;  at  the  same  time  the  flap  of  the  upper 
pisiou  was  opened  hy  its  own  wi-ight  and  the  air  passing  ihrougli  it.  and 
un  the  descent  of  B  all  the  air  in  the  upper  part  of  the  trunk  was  forced 
into  the  fire  in  like  manner;  hence  an  uniulcrruptcd,  tlunigh  not  an  equable 
blut  of  wind  was  kept  up.  The  wiiole  apparatus  was  of  wood  except 
the  llapj,  wliich  were  pieces  of  green  hide  rendered  pliable  by  working 
llifm  in  the  hands ;  and  they  were  prevented  from  opening  too  fur  by 
nl'row  slips  of  the  same  material  pegged  over  them.  There  was  no 
packinc;  t<>  'he  pistons,  but  they  were  moved  with  great  rapidity. 

These  bellows  are  ditferent  from  those'  desci-ibed  by  Dumpier,  Sonnerat 
tud  £Iiis,  as  used  in  the  same  island  ;  but  they  serve  to  corroborate  a  re- 
mark tliot  has  been  made  by  several   travelers,  viz:  that  the  negroes  o/ 
Africa  are  in  possession  of  a  great  variety  of  diose  instruments,     The  one 
aliove  described  is  a  tine  siiecimen  of  their  ingenuity,  for  there  can  bo  littlo 
duubi  thtit  it  is  original  with  them — it  evidently  is  not  derived  from  the 
double  iicting  bellbws  of  China,  nor  can  it  have  been  procured  from  Europe, 
liiice  nothing  of  the  kind  has,  we  believe,  ever  been  used  there.    It  is  the 
only  bellows  that  we  have  met  with  having  valves  in  the  pistons. 

ft  need  hardly  be  observed  that  double  fmmjis  have  been  made  on  the 
Mine  principle.  There  is  one  figured  by  Bclidor  in  the  second  volume  al 
tis  iVrchitecture  Hydraulintie,  wliich  differs  from  the  above  figure  oiiiy  in 
having  two  short  piston  rods  connected  together  by  a  frame  on  the  outside 
of  the  cylinder,  instead  of  one  long  one  workirg  through  the  disk. 

No  stronger  proofs  could  possibly  be  adduced  of  the  analogy  between 
pumps  aad  bellows,  than  what  the  figures  in  this  and  tlie  preceding  chapter 
afford. 

While  engaged  on  this  j)art  of  the  subject  we  were  induced  to  refer 
again  to  tlie  accounts  of  the  old  Mexicans  and  Peruvians,  in  hopes  of  find- 
ing some  indications  of  the  pump  in  the  instruments  employed  to  urge  air 
into  their  furnaces;  but,  slmnge  iis  it  will  appear  to  modern  mechanics,  they 
are  said  to  have  been  wholly  ignorant  of  the  bellows.  This,  if  true,  is  a 
very  singular  fact;  and,  considering  the  extent  to  which  they  practiced  the 
arts  of  raetttlliirgy,  one  that  is  unexampled  in  the  history  of  the  world.  It 
appears,  moreover,  irreconcilable  with  the  opinion  of  tiieir  oriental  origin; 
for  it  is  difficult  to  conceive  how  emigrants  or  d<.;.scciid:iiits  of  emigrants 
from  Asia,  could  have  been  ignorant  o'i  this  simple  instrument  which  has 
been  used  in  one  form  or  another  on  that  continent  from  the  earliest  times, 
and  which  is  still  employed  by  the  rudest  tribes  there,  and  also  in  all  those 
parts  whence  the  early  Peruvians  are  sunjiosed  to  have  come.  The  bel- 
lows is  common  almost  as  the  hammer,  trom  the  peniiisulnr  of  Malacca  to 
that  of  Kampschatka,  and  from  the  Phillippiiie  inlands  to  those  of  .Japan. 
In  Africa,  too,  it  is  used  in  great  variety  and  by  people  whose  progress  in 
the  arts  is  far  behind  that  of  the  ancient  smiths  oi'  Amorira. 

How  little  is  known  respecting  the  mechanical  ui)p!';menfs  of  Mexican 
rjid  Peruvian  workmen  and  o^  their  processes,  and  yet  but  three  centuries 
have  elapsed  since  the  latter  were  in  full  operation  1  Wc  are  not  aware 
tJjat  a  single  tool  has  been  preserved,  much  less  their  modes  of  manufac- 
ture ;  nor  is  tliis  much  to  be  wondered  at  when  the  spirit  that  animated 
t3ie  comiuerors  is  considered — it  was  the  acrjuisition  of  gold,  not  the  tools 
f'lr  or  manner  of  working  it,  that  they  had  in  view  ;  and  had  it  not  been 
for  the  prodigious  amount  of  bullion  which  they  found  worked  into  va- 
rious figures  and  utensils,  we  should  scarcely  have  ever  heard  of  the  latter; 
a.- J  vet  die  \vorkmanship  on  some  of  them,  exceeded  tlie  value  of  the  metal. 
Iha:  there  are  errors  in  tlie  accounts  of  early  writers  on  the  arts  and  ap- 
parhtus  of  old  Americar  mechanics  is  umjuestionablc,  and  among  thcnr 


CM 


On  the  Belloir*  artumg  the  Pemviaiu, 


[B<xkni 


may  be  mentioned  that  which  confined  the  materials  of  thuir  cut:  nj  in 
♦tnimcjits  to  obsidian  and  other  stones ;  whereas  it  is  now  certaiu  ihml 
tliey  had  chisels,  &c.  of  bronze  or  aJloys  of  copjier  and  tin;  asd  priibibly 
of  a  similar  composition  to  those  of  Egyptian  workmen.  As  lor  U'lln-jt?, 
it  was  no  easy  task  (supposing  it  had  been  undertaken  by  the  old  histo- 
ri&ns  of  Mexico  and  Peru)  to  determine  positively  that  they  were  vnk-ifown 
throughout  those  extetisi\'e  countries.  To  ascertain  wnat  tools  were  aaj 
were  Dot  used,  re(|uired  s«imething  more  'hon  a  suiierficial  knowled^  of 
the  people.  Before  a  stranger  could  speak  decidedly  on  the  subjeri  of 
bellows,  it  was  necessary  that  he  should  become  familiar  with  their  modes 
of  working  the  metals,  by  frequently  visiting  tliem  in  their  workshop:  tml 
dwellings;  and,  from  an  intimate  knowledge  of  their  language,  making  n 
quiries  respecting  the  tools  and  details  of  the  processes  adopted  by  artiiwu-! 
of  distant  tril>es ;  for  bellows  might  be  used  to  a  limited  extent  jn  on* 
country,  and  (from  variety  in  the  ore«,  articles  manulacturcd  or  custotrt 
uf  Workmen)  not  at  ail  in  another.  But  there  does  not  appear  to  \ntt 
been  any  efforts  made  to  collect  information  of  this  kind  by  the  caa 
querorj — its  value  was  not  appreciated  by  them  or  by  their  iTnm?di»l! 
successors,  and  hence  the  opportunity  was  neglected  and  could  never  be 
recalled  ;  for  other  historians  agree  with  Clavigero,  that  tlie  wondcr'al 
arts  of  the  Mexican  and  Peruvian  founders  were  soon  lt»t,  "  bv  ih?  d?- 
basement  of  the  Indians  and  the  indolent  neglect  of  the  Spaniards.  '  E  «« 
Garciiasso,  although  a  native  Indian,  by  his  mother's  side,  docs  tio:  seats 
to  have  possessed  any  particular  knowledge  on  the  subject  of  working  the 
metals :  he  derived  his  information  from  Acosta,  to  whose  work  he  tvf^n 
his  readers. 

But  what  are  the  proofs  that  bellows  were  unkno\m  to  the  subjects  of 
Monco  Cappc  and  Alotezuma  f  The  principal  one  is  derived  from  the  I 
fusing  metal-?  without  them:  tliey  kept  llieir  furnaces  in  blast,  it  I*  allclged, 
by  llie  brciitii  if  a  number  of  men  wlio  blew  on  the  fi'^s  Uirou^li  tubes  of 
bamboo.  That  this  was  often  practiced  there  is  no  doubt,  and  tliat  it  wu 
the  general  custom  is  admitted;  but  it  does  not  therefore  follow  that  they 
had  no  contrivances  for  producing  artificiiil  blasts :  tliis  will  appear  fr^ir. 
the  practice  of  oriental  gold  and  silver  smiths,  both  of  ancient  and  moijeni 
times.  The  fusion  of  gold  and  silver  with  blowing  tube.^  is  a  device  of  reaiiHe 
andquitv,  and  like  all  ancient  customs  relating  to  the  useful  arts,  it  is  still 
practiced  by  the  Hindoos,  Malays,  Ceylonese,  Persians  and  other  Asiiicict, 
and  also  by  Egyptians  and  numerous  African  trilics.  The  goldsmitlis  of 
Sumatra,  Mr.  Marsden  observes,  "in  general  luf  no  hrl/uim,  hut  blow  iho 
fire  with  their  mouths  tlirough  a  joint  of  bsimlioo;  and  if  the  (juantity  oi" 
metal  to  be  melted  is  considemlde,  three  or  lour  persons  sit  round  the  fur- 
nacn,  which  is  an  old  broken  kirali,  or  iron  pot,  and  blow  tojjeilier:  at 
Padang  alone,  where  the  manulactun-  is  more  consideralilc,  they  have 
adopted  the  Chinese  bellows."*  We  have  alreaily  d<;soribed  the  sm>(lj 
and  also  a  dnul  ilc  acting  Ijcllows  of  these  people ;  besides  whicli  they  have 
that  of  China,  and  yet  it  seems  tliat  all  the  working  goldsmiths  of  the  noun- 
try,  except  t)iose  of  a  single  town,  still  melt  their  melul  as  the  Mexicaiu 
and  the  Peruvians  did  :  hence  die  mere  fact  of  the  old  smiths  of  tliese  con- 
tinents usins  blowpipes  to  fuse  metal,  is  no  more  a  proof  of  their  igrr- 
rance  of  lie!  lows,  than  the  like  practice  is  of  modem  Aaiadcs  being  a'M 
igTiornnt  of  them. 

Nothing  is  easier  than  to  err  respecting  a  knowledge  of  bellows  in  for- 
mer times,  bv  inferences  drawn  from  the  use  of  blowpi^TCS.    In  the  oldoat 
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lonu.iicnts  of  Egypt  (those  of  Beni  Hiissan)  the  latter  are  repregeitej  in 

remote  age  of  Osirtiisen,  1700  15.  C.  which  lo  ii  superficial  observer 

^lil  lead  to  the  supposition  tliut  tiic-  foniior  wore  then   uiikiinwn;   but  8 

b^ic  exdtni nation  ot  tie  sculptures  shows  the  fallacy  of  such  a  conrlusion, 

ec  Wowing  tul>es  ai-e  also  figured  lon^  after  the  reign  of  I'hoihmes  in 

ojc  dme  bellows  were  certainly  coininoii."     Again,  on  the  last  day  of 

feast  of  Talx-rnacles,  the  Jews  were  all<)\vivl   by  rabbinical  precepts 

jlijht  one  fire   from  another,  but  not  to  strike  new  fire  from  stone  or 

Ral,  nor  to  quench  it,  although  to  save  thi'ir  gooils,  "  r:or  to  blow  it  with 

eljowos,  but  with  a  rcdlr."^  Now  a  stningor,  having  an  imporlect  know- 

Wgt'  of  Jewish  customs,  upon  witnessing  fires  thus  blown  wduhl,  in  some 

|urt5of  the  world,  be  very  apt  to  conclude  that  they  had  no  bellows.   And 

Ipun,  if  we  had  not  a  pro<if  that  our  domestic  bellows  was  known  to  the 

HHmans,  we  might  have  itiforred   from  Pliny's  account  of  statuaries  and 

^Bnters  representing  individuals  blowing  fires  Nvith  their  truiutlu,  that  urtifi- 

^■^instruments  fur  the  purpose  were  then  unknown. 

^BEnou<:h  may  be  gathered  from  e.arly  x^Titi.-r^  on  America  to  account 
fi>r  bellows  not  being  employed  in  those  operations  in  which  they  would 
jBfiDi  to  have  been  most  re(|uired,  viz  :  in  smelting  of  metals.  According 
^■Lrostii,  some  ores  could  not  be  reduced  by  bellows,  but  only  by  air 
HKbccs.  GurcLliisso,  in  tlic  lost  chapter  of  the  eighth  book  of  his  Coro- 
incntaj-ies,  miikos  the  same  remark.  In  smelting  the  silver  ore  of  Potosi, 
^^ays  the  Indians  used  neither  bellows  nor  blowing  tubes,  but  a  natural 
^Hd.  which,  Ixi  their  opinion,  was  die  best ;  they  therefore  fused  tlie  ore 
^^kuiU  furnaces  placed  on  tlic  hills  in  the  night  time,  whenever  the  wind 
^B  sufHcicnt  for  tlie  purpose ;  and  it  was  a  plcasatit  sight,  he  ob.servea, 
^To  Itehold  eiglit,  ten.  or  twelve  thousand  of  those  fires  at  the  same  time, 
ranged  in  order  upon  the  sides  of  the  mountains."  The  Spaniards  suspect- 
ing tiuif  the  metal,  when  thus  diffused  among  a  great  number  of  hands, 
ini>;ht  lie  more  readily  purloined,  and  that  much  of  it  was  wasted  in  so 
many  fires,  introduced  blast  furnaces,  the  fires  in  which  were  urged  "by 
large  l>ellows,"  but  these  not  succeeding,  (the  blast  being  to<i  strong,)  they 
had  recourse  to  rotary  bellows,  ("  engines  with  wheels,  carried  about  with 
soils  like  a  windtniil  which  fanned  and  blowed  the  fire,")  but  these  also 
failed  to  accomplish  the  purpose,  "  so  that  the  Spaniards  despairing  of  the 

I  ess  oi  tlirir  inventions,  math  tine  of  tlioni:  n-Uir.h  the  Indians  hiiil  J'tatncd 
cttntrierd''  No  stronger  reason  coukt  be  adduced  why  the  bellows 
tiot  previously  used  in  tlie  reduction  of  ores. 
t  a  subsccpient  fusion  of  the  metal  in  tlieir  dwellings,  the  workmen 
s  Garcilasso)  instead  of  bellows,  continued  to  use  blowing  tubes, 
"thougli  our  [Spani-ih]  invention  of  bellows  is  much  more  eosic  and  forci- 
ble to  raise  the  fire."  Supposing  they  were  ii^iiorant  of  bellows  before  the 
arrival  of  the  Spaniards,  here  is  a  proof  that  after  tht^  became  acquainted 
with  these  instruments,  they  still  jireferred  tlu-ir  tubes,  as  the  gold  and 
•ilver  smiths  of  Asia  generally  do  at  this  day  ;  and  hence  tlic  use  of  suc^ 
tubes  does  not  show,  as  has  been  stated,  "  that  they  were  unactjuaintcd 
MJih  tJie  use  of  bellows." 

^Hf  there  was  notliing  else  to  adduce  in  fivor  of  the  old  Peruvians  lieing 
H^Uaintcd  with  bellows,  or  with  the  princi]ile  nf  tlieir  construction  and  api- 
ptication.  than  the  balsas  or  blown  floats  which  their  fislicrmen  aur!  ritose 
of  Chili  used  instead  of  boats,  we  should  deem  them  sutficiont-  These 
were  large  bags  made  of  skins  of  the  sea  wolf  and  filled  with  air.     Thoy 
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were  "  so  wo1l  sewed,  that  a  considerable  weiglit  could  not  force  «ny  of  ' 
It  out."'  They  carrifd  fi-oiii  twelve  to  fourieeii  liiiiidrcd  nounas,  ami  if  any 
air  escaped,  ihtTC  were  two  leathern  pii>es  through  which  the  (iihernien 
"  blow  into  the  bags  when  there  is  occaiioii."  Frezier's  Voyage  to  the 
South  Seas,  JJoge  121.  These  were  real  bellows,  only  applied  to  another 
purpose.  Had  dioy  not  been  found  less  cfllcienl  or  less  economical  tlian 
blowing  tubes,  they  would  doubtless  have  been  used  as  substitutes  for  the 
latter  in  tlie  fusion  and  reduction  of  ores.  It  may  here  be  noticed  u  a 
siiigular  fact,  and  one  whicJi  may  possibly  have  retercnce  to  bellows,  that 
Qitrlzitk-uatl,  the  Mexican  God  of  the  air  or  wind,  was  also  the  Valcam 
of  oil  the  nations  of  Anahuac. 

Both  Mexicans  and  Peruvians  were  accustomed  from  tJieir  youth  to  use 
blowing  tubes,  for  the  primitive  air  gun,  through  which  tp  shoot  arrow* 
and  other  missiles  by  the  breath,  was  universally  used,  and  the  practice 
is  still  kept  up  by  ihcir  descendants.  Motezuma,  in  his  first  interview 
with  CVirti'z,  shrewdly  compared  the  Spanish  guns,  as  tubes  of  unknown 
metal,  to  tlie  sarbacutn  of  liis  countrymen.  From  the  expertncss  ncnuirej 
by  the  constant  cini)luymcnt  of  ihene  instruments  in  killing  game,  u  wa* 
natural  enough  to  use  diem  instead  of  bellows  to  increase  the  heat  of  their 
furnaces,  and  custom  rendered  them  very  efficient. 

We  have  prolontrud  our  remarks  on  this  subject  because  it  has  bfeeo 
conckulcd  that  remains  of  furnaces,  found  far  below  the  surface  in  variou* 
parts  of  this  contineni  and  in  regions  abounding  with  iron,  could  nerer 
have  been  employed  in  reducing  tliat  metal;  for  in  those  remote  ages  in 
which  such  furnaces  were  in  action,  tie  bellows,  it  is  said,  was  un/moitm; 
a  position  tliat  wc  think  imtcnablc,  and  quite  irreconcilable  with  the 
advanced  state  of  metallurgy  in  those  times. 

Before  leaving  the  subject  of  bellows  and  bellows  pumps,  we  may  re- 
mark that  iiunitTous  illustrations  of  the  latter  may  be  found  in  die  natural 
world.  To  on  industrious  investigator,  the  animal  kingdom  would  furnish 
an  C)ul/cs3  varhiy,  for  every  organized  being  is  composed  of  tulies  and 
of  li(]uids  urged  througli  thcra.  The  contrivances  by  which  the  latter  is 
accom]>lished  may  be  considered  among  the  prominent  features  in  the 
mechanism  of  animals  ;  and  although  modified  to  infinitude,  one  general 
princi])le  pervaiics  the  whole  ;  this  is  the  dhlcnnon  ami  contraction  of 
flexible  vessels  or  reservoirs  in  which  fluids  are  accumulated  tind  driven 
through  the  system.  On  the  regular  function  of  these  organs  the  nece»- 
aary  motions  of  life  chiefly  depend  ;  by  them  urine  is  expelled  from  the 
bladder,  blood  from  the  heart,  breath  from  the  lungs,  &c. ;  they  are  natural 
bellows  ])umi>s,  while  other  devices  of  the  Di'vine  Mechanician  resembla 
syringes  or  piston  pumps. 

The  whale  spout-s  water  with  a  bellows  pump,  and  in  streams  compared 
with  which  the  jet  from  one  of  our  fire-engines  is  child's  play.  His  blow- 
ing apparatus  consists  of  two  large  meml>ranous  sacs;  elastic  and  capable 
of  being  collapsed  with  great  force.  They  are  connected  with  two  bony 
canals  or  tubes  whose  orifices  are  closed  by  a  valve  in  the  fo^m  of  two 
semicircles,  similar  to  those  kno^^^l  to  pump  makers  as  butterfly  valve* 
When  the  animal  spouts,  he  forcibly  compresses  the  bags,  already  filled 
with  water,  and  semis  forth  volumes  of  it  to  tlie  height  of  40  or  50  feet 
The  roaring  noise  that  accompanies  this  ejection  of  the  liquid  is  heard  at  t 
considerable  distance,  and  is  one  of  (he  means  by  which  whalers,  in  foggy 
weather,  arc  directed  to  their  prey.  The  proboscis  of  the  elephant  ta 
sometimes  used  as  a  hose  pipe,  through  which  he  plays  a  stream  in  every 
direction  by  the  pump  in  his  chest.  Numerous  insects  that  live  in  water 
move  their  bodies  by  the  reaction  of  that  liquid  on  streams  iliey  eject  fioti! 
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lliBir  bodies :  oysters  and  some  otlicr  shell  fish  move  in  this  manner.  My- 
mdi  ilf  mnrine  animals  also  ascciij  ami  descend  in  ihcir  native  clement  liy 
iuews  of  forcing  pumps:  when  almut  to  dive,  they  admit  water  into  cei^ 
Bun  receptacles,  and  m  such  quantities  as  to  render  their  bodies  sjieui 
fiulk  heavier  than  the  fluid  they  Hoat  in ;  and  when  they  wish  to  ascend, 
Uiev  pump  out  the  water  which  carried  them  down. 

ThiU  expert  gunner,  the  jaculator  fish,  shoots  his  prey  with  pellets  or 
ylflWcs  ol'  water  as  from  a  piston  jmrnp.  When  an  inst?ct  hovers  near  or 
fpiti  on  some  atjuatic  jilant  wiiliin  live  or  six  I'ecl  of  hLm.  he  shoots  from 
his  tubular  snout  a  drop  of  water,  arvl  with  so  "  .sure  an  aun  as  generally 
i\'  lav  it  tlcail."  The  haliit  of  ejecting  saliva,  whxh  some  persons  ac- 
axre,  is  1-y  making;  a  pump  of  llie  mouth  and  a  uiston  oi'  ilie  tongue. 
Otlipr  animals  practice  rhc  samo  ;  thus  the  lluma  of  Chili  anil  I'eru,  Wlien 
irritited,  "  ejects  its  saliva  to  a  consideralile  distance" — Frezicr  says  ten 
ptcw,  nr  thirty  fe.'t.  The  spurting  snake  of  Southern  Africa,  it  is  said, 
ejfcts  its  poistm  into  the  eyes  of  those  who  attack  it  with  unerring  aim. 
Tlie  tonffue  of  the  lamprey  vn?wsi  backwards  and  forwards  like  a  piston, 
uk!  priiiiiiees  lliaf  surJion  M-hich  distinguishes  this  animal  and  others  of  tlie 
Mm*  foniily.     The  sting  of  some  insects,  that  oi'  the  bee.  for  example,  in 

•  very  cotiiplcx  apparatus,  consisting  of  a  lancet  with  its  sheath,  to  pene- 
'ntit  llie  Ixxlios  ol  their  enemies;  first  acting  as  a  trocar  ar.d  canular,  and 
then  as  »  pump  lo  force  poison  into  llie  wound — "  an  awi  to  bore  a  hole, 
i«ivs  Paiey,]  and  a  syringe  to  inject  llie  fluid." 

It  ()erh.if)S  may  be  supposed  from  the  Junn  of  common  pumps,  that 
tbens  is  little  resemlilmce  l>eiween  them  and  these  natural  machines,  but 
II  iliould  lie  remembered  that  this  form  is  purely  ar*>"'rary.  ^they  arc,  as 
«>  bnve  already  *een,  sometimes  made  of  flexible  matcriiis,  ai.d  alter- 
aMoly  dilated  and  collapsed  like  the  chests  of  animals.)  The  general 
cuilom  of  making  them  of  hollow  cylinders  and  of  inflexible  inaterials, 
tnue  from  experience  having  proved  that  when  thus  made,  they  are  morp 
rtuniiilc  and  less  liable  to  derangement  than  any  otliers  lh»t  have  yet  been 

Thp  circulation  of  the  blood  in  man  and  other  animals  is  effected  by 
•PfWrntus  strikingly  analogous  to  sucking  and  forcing  bellows  pumps.  The 
""•n  is  one  of  these — the  arteries  are  its  forcing,  the  >'jins  its  suction 
l"|K.'s,  anil  both  pump  and  pipes  are  furni<h'>J  with  the  most  perfect 
ulics,  Hy  coiitniclion,  this  wonderful  machine  force.--  the  blond  through 
'-"B  former  to  the  uttermost  parts  of  the  system  ;  and  l»y  distension,  draws 
I  nnck  through  the  latter.*  Thoy  vary  in  dimensions  as  in  construction. 
SiMnp  iire  adapted  to  the  bodies  of  animals  so  minute  as  to  be  imjiercep  i 
"lilc  to  unaided  vision,  and  from  these  to  others  of  every  size  up  to  t)ie  [\ 
"iigp  leviathan  of  the  deep.  The  aorta  of  the  whale,  says  I'aley,  "  is 
'•'[ger  in  the  bore  than  the  main  pipe  of  tJie  water-works  nt  London 
""'Ige ;  and  the  water  roaring  in  its  passage  through  that  pipe,  is  inferior 
''I  im|i(-tus  and  velocity  to  the  blood  rushing  from  the  w  hale's  heart." 

Every  human  being  may  be  considered  as,  nay  is,  t  .iving  pump.  His 
''<''lj'  it  wholly  made  up  of  it,  of  the  tulies  belonging  . j  it,  and  the  liquid 
"loved  by  it — with  such  additions  as  are  required  to  communicate  the  no- 
''»Kiry  motion  and  protect  it  from  Injury.  Health,  life  itself,  every  thing, 
''"I'Pnds  upon  keeping  ii  in  order.  If  one  of  its  forcing  pipes,  (an  artery,) 
'«•'  »ovcrec(,  we  bleed  to  death  ;  are  any  of  its  sucking  tubes  (the  veins) 

*  In  the  Tilli  vol.  of  Mnchini^a  opprineJ  liy  llie  French  Aciiiiemv,  'ji  tlip  rlpucriplron  of 
•  iHloui  pump,  made  In  imitntioii  of  the  henri.  by  M.  Bi-ilnnt,  who  nciiiied  Uio  working 
Nttfit  "  La  C*»t,"  th«  heart — of  v\  hich  it  wiu  n  rude  reseniblanrn. 
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choked,  llie  pjirts  around  them  become  diseased,  like  strrile  land  for* 
of  noiirislimeiit ;  docs  the  pump  itself  stop  working,  we  instantivdii^ 
regularity  and  irregularity  of  its  motions  are  indicated  by  the  pulse,  wli 
has  always  been  adopted  as  the  unerring  criterion  of  health  and  JImi 
or  as  an  engineer  would  say,  the  number  of  its  strokes  per  minute,  i«^ 
proof  of  its  state  whether  in  good  or  bad  working  order.  The  pulse  nqjl 
only  indicates  incidenl^il  disorders  in  this  hydraulic  machine,  but  ii  acnicl 
rion  of  its  age,  as  well  as  of  its  constant  condition  :  the  movemenu  tn\ 
strong  and  uniform  in  youth,  feeble  and  uncertain  in  sickness  and  agci 
as  the  machine  wears  out  and  the  period  of  its  labor  approaches,  its  i 
at  last  cease  and  its  \nbralion3  are  then  silent  for  ever. 

What  mechanic  can  contemplate  this  surprising  machin.''  without  Unf] 
elccuified  willi  a><ton.shmcnt  that  it  should  last  so  long  as  it  does  in  aonel 
people  !  Fonneu  of  materials  so  easily  injured,  and  connected  \%'ith  lubsl 
of  the  most  delicate  te.\ture,  whose  ramificatjons  arc  too  complex  to  Wi 
traced,  their  numbers  too  great  to  be  counted,  and  many  of  thero  i«oni>l 
inite  to  be  perceived,  and  the  orifices  of  ail  furnished  with  elaborate  valvei;.| 
that  such  complicated  macliinery  should  continue  incessantly  in  motiaHhj 
sixty,  eighty,  and  a  hundred  years,  not  only  without  our  aid,  but  iotpitil 
of  obstructions  that  are  daily  thrown  in  its  way,  is  as  inexplicable  aiuinp'] 
terious  as  the  power  that  impels  it.  I 

Few  classes  of  me«  are  more  interested  in  studying  natural  hislory.tall 
particularly  the  scnicture,  habits,  and  movements  of  animals.  llian  merW] 
ics  ;  and  none  can  reap  a  richer  reward  for  the  time  and   labor  ex|x'ii(]<<^  I 
upon  if.     It  presents  to  the  studious  inquirer  sotirces  of  mechaniciil  rotB"  I 
bmations  and  movements  so  varied,  so  perfect,  so  novel,  and  such  as'iK  I 
adapted  to  every  oossible   contingency,  as  to  excite  emotions  of  surjiriitj 
that  they  shoulil   -lave  been  so  long  neglected.     There  is  no  douht  iWj 
several  modern  discoveries  in  pneumatics,  hydraulics,  hydrostatics,  nptim,! 
mechanics,  and   even  of  chemistry,  might  have   been   anticipated  by  llie 
Liudy  of  this  denartmeni  ^n't  science.     Of  this  truth  exam])li's  might  lie  id- 
duc'-d  trnm  every  art,  and  from  every  branch  of  engineering  :  the  flexible  | 
water-mains  (coinposod  of  iron  tubes  united  by  a  species  of  ball  and  socket 
joint)  by  which  Wi.'t  conveyed  fresh  water  under  the  river  Clyde  vtn  \ 
suggested  by  the  mechanism  of  a  lobster's  tail — the  jirocess  of  tunoeliii 
by  which  Brunei  has  formed  a  passage  under  the  Thames  occtirred  to  bin 
by  witnessing  the  operations  of  t]ie  I'crcilo,  a  testaceous  iconn  covered 
with  a  cylindrical  shel',  which   eats  its  way  through  the  hardest  wnoJ—  I 
uid  tSm«!alon,  in  seeking  the  form  best  adapted  to  impart  stability  lo  tlit 
light-ho\i3e  on  the  Eddystone  rjjks,  imitated  the  contour  of  the  bole  of  I  i 
tree.     The  fishermen's  bouts  rS  Europe,  adapted  to  en.liii-c  tJie  muglieil 
weather,  are  the  vvry  moiJel  of  those  formed  for  her  pi-ogeny  by  the  ft 
male  gnai ;  "  elevated  and  narrow  at  each  end,  and  brmd  and  depreweJ 
t".  the  mi  Idle" —  the  beaver  when  building  a  dam — but  it  is  vain  to  (fttt 
examples    with  whica  volumes  might  be  filled. 


Forcing  Pumps  ipitfi  solid  Pistoiu. 
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CHAPTER    III. 

pt  viih  Mlid  piitoDf :  The  Syrio^ :  lu  uki,  mtlerial*  and  anlir)uit)r— Enplornl  by  iht 
frouKfrklivals — Fipuml  ub  fti)  cild  cont  of  Arm*— simple  GardvD  Pump— Siiiglr  viil«<iForc- 
fOnimoD  Fordag-pump — Stofuacb  puonp — Furciug-purop  with  Bir>miel — Machine  ol 
d«>cripuoil  by  V'itruviu* — Reinarkf  oa  iu  oripia — Errors  of  (he  ancirnU  rr«prrlitig  tb« 
nral  iDTenUiiOi — Ctainu  orCt<?»il>tijf  to  the  purap  limited — Air  veesel  probably  inveuled  by 
air  a  prnmineDt  Teature  in  nil  hi*  itiventioua— Air  veaecla — lu  Heroa'a  fuuutaiD — Ap 
to  by  Flitiy — Air  gun  of  Cleiibiua — The  Hookah. 

U'licst  machine  consisting  of  a  cylinder  and  piston  that  was  ex- 
iesigned  to  force  litjuids  was  probably  the  tt/rutge,  an  instrument 
ligh  antiquity:  see  its  figure  in  the  foreground  of  the  next  ilhistra- 

the  closed  end  a  short  conical  pipe  is  attached  whose  dimeniiioni 
ted  to  the  particular  purpose  for  whicii  the  instrument  is  to  be 
he  piston  is  solid  and  covered  with  a  piece  of  soft  leather,  hemp, 
tstiiig,  or  any  similar  substance  that  readily  imbibes  moisture,  m 
prevent  air  or  water  from  passing  between  it  and  the  sides  of  the 
When  the  end  of  the  pipe  is  placed  in  a  liquid  and  the  piston 

k.  the  atmosphere  drives  tiie  liquid  into  the  cylinder;  whence  it 
td  through  the  same  orifice  by  pushuig  the  piston  down  :  in  the 

ise  tlie  syringe  acts  as  a  sucking  pump  ;  in  tlie  latter  as  a  forcing 
ley  are   chieny  employed  in  surgical  operations,  for  which   they 

of  various  dimensions — from  the  size  of  a  quart  bottle  to  that  ol 

They  are  formed  of  silver,  brass,  pewter,  glass,  and  sometimes 

For  some  purposes  tlie   small  pipe  is  dispensed  with,  the  end 

Under  being  closed  by  a  perforated  plate,  as  in  those  instnunents 

ch  gardeners  syringe  their  plants. 

bein  said  that  the  syringe  was  invented  by  Ctesibius,  being  the 

his  first  essays  in   devismg  or  improvijipr   the   pump;  but   such 

have  been  its  origin,  since  it  is  mentioned  by  philosophers  who 
d  centuries  before  him.  It  was  known  to  Theophrastus,  Anaxa- 
temocrirus,  Leucippus,  Aristotle,  and  their  pupils:  to  the  nishing 
r  into  it  when  the  piston  was  drawn  up,  these  philosophers  ap- 
i  illustrate  their  opposite  views  respecting  the  cause  of  the  liquid's 
Dine  contending  that  it  proved  the  existence  of  a  vacuum,  others 
not.  To  this  ancient  appliralion  of  the  syringe,  most  of  the 
Iters  on  atmospheric  pressure  allude.^  "  It  is  pretty  strange  [ob- 
esaguliers]  that  the  ancients,  who  were  no  strangers  to  the  nature 
■f  and  knew  a  great  deal  of  their  force,  were  yet  entirely  ignorant 
eight  and  perpendicular  jiressure  of  the  air.  This  is  evident,  be- 
ly  attribute  the  cause  of  water  rising  up  in  pumps,  or  any  liquors 
iwn  up  into  syringes  (commonly  called  typlions  on  tliiit  nccount, 
imps  were  call'd  suckintr-pumps)  to  nature's  abhorrence  of  a  va- 

yiug,  that  it  fill'd  up  with  water  the  pipes  of  pumps  under  the 
>ucket  CT  piston,  rather  than  suffer  any  empty  space.  The  svriiige 
|»c,  arid  this  notion   concerning  its  suction  obtain'd  hni<:  hrfure 
the  son  of  a  barber  at  Alexandria,  invented  the  pump."'' 


Bliault''  r'.'.losophy  Willi  Clnikc's  Notes.  Lon.  1723;  vol.  i.  172.  3witi(?r'i 
leu,  rrif^ceiind  173.  Cliatut>?-r'  Diet.  Articlea  Syringe,  Einbal'is.  Vaciiiiiu 
»nl.  'i  'M? 
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There  ii  reason  to  believe  that  the  syringe  was  emploj-ed  by  the  EgJfK 
tjans  in  the  process  of  embalming.  In  various  translations  of  the  accotml 
given  by  Herodotus  (Euterpe,  S7)  it  is  expressly  named:  "Thev  fill  t 
syringe  with  germe  of  cedar  wood  and  inject  it,"*  Dr.  Rees,  in  his  edi- 
tion of  Chambers'  Dictionary,  (Art.  EiulHilming.)  uses  tlie  terms  "  inl'uang 
by  a  syringe,"  and  "  syringing  a  liquid."  &c.  The  least  expt-nsive  Diude 
of  embalming  was  "  infusing  by  a  syringe  a  certain  liquid  extracted  (ma 
the  cedar."*  Beloe,  in  his  translanon,  does  not  indicate  the  instrumtnt 
used — they  "  inject  an  unguent  made  from  the  cedar."  As  clysters  origi- 
nated in  Egypt,  and  were  used  monthly  by  the  inhabitants  as  a  presvna- 
tjve  of  health,  (Herod,  ii,  77,)  we  are  most  probably  indebted  to  die  peupig 
of  tliat  country  for  ihe  syringe.  Had  it  been  a  Grecian  or  Roman  iiiren- 
lion,  the  name  of  its  author  would  have  been  known,  for  from  its  utility  uJ 
application  to  various  useful  purposes,  an  account  of  the  circunistancet 
ciiunected  with  its  origin  was  as  worthy  of  preservation,  as  those  relating 
to  the  pump  or  any  other  machine.  Suetonius  uses  the  term  "  clyster"  U» 
denote  the  instrument  by  which  it  was  administered  ;  and  Celsus  by  it, 
refers  u>  "  a  little  pipe  or  squirt."  ( Ainsworth.)  Hippocrates  and  the  elder 
Pliny  frequently  mention  clysters,  but  witiiout  oescribing  distincdy  ti;» 
instrument  employed  :  the  latter  m  his  30th  book,  cap.  7,  seetnj  to  relff 
to  the  common  pewter  syringe,  •  an  instnimtmt  or  j/ipe  of  tin:"  this  is  U 
least  probable,  for  pewler,  iccordingto  Whittaker,  was  borrowed  from  tie 
Romans.  It  is  well  ascertained  tnat  pewicrers  were  among  the  earliest 
workers  of  metal  in  England.  A  company  of  them  was  incorporated  in 
1474  ;  but  at  what  lime  the  syringe  becarne  %  staple  article  of  their  ia»- 
nufacture  is  uncertain. 


No.  11&.     E^ynngca  uusd  by  lliuilocB  lu  celf^brat^cg  •oma  rallfioiu  feMira*c 

Had  the  syringe  not  been  mentioned  by  ancient  authors,  its  antiqnitjf  I 
might  l>e  inferred  from  a  particular  emt  loyraent  of  it  by  the  Hindoos.  Thai 
arts,  manners  and  customs  of  these  people  have  remained  unchanged  from  I 
very  remote  times ;  and  such  is  their  predilection  for  -he  religious  ir.5U' 
tutions  of  their  ancestors,  that  nothing  has,  and  npporent.y  '•^.•.hing  can  tn*J 
duce  ihem  to  admit  of  the  slightest  change  in  the  ceremonies  that  ]>crta'.ll1 
to  tlie  worship  of  their  deities:  hence  tlie  same  rites  are  sUll  performed,] 


•  Quoted  in  Ofilbv's  Africa.    L«m.  1070,  p.  ^S1. 
Newoirtir  ;  vol   i.  602. 
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and  by  oienns  of  the  same  kind  of  intttruiiienu  as  when  Alexander  oi 
pvcn  tWcliiij  invaded  India.  In  some  of  their  religious  festivals  the 
i^miae  is  inaJe  to  perform  a  prominent  part ;  for  a  red  powder  is  mixed 
wiiii  Wttlfer,  with  which  tlie  worshipers  "  drench  one  anollier  by  meiins 
of  1  species  of  sijuirt  ;  to  represent  Pnrasuu  Ilamit,  or  some  other  hero 
rrlurning  from  battle  covered  with  blood."  Some  writers  suppose  the 
Mreiiioiiy  is  desired  to  celebrate  "  the  orgies  of  Krithna  with  his  mis- 
Iiw*e»  and  companions."  No.  115  represents  a  rajah  and  some  of  liis 
wive*  engaged  in  tliis  singular  species  of  religious  worship  and  connubial 
tjertise,  in  honor  of  Krishna.  The  instruments  are  clearly  garden  syringes, 
probably  of  the  same  kind  as  are  mentioned  by  Heron  of  Alexandria, 
'ed  in  his  time  for  sprinkling  una  dispersing  water, 
e  Ifafilre  is  another  Hindoo  festival  which  resembles  in  some  mea 
tan  the  Saturnalia  of  the  Komuns.  It  is  /nserved  through  all  Hindos'.an. 
tiki  in  celebrating  it,  the  syringe  is  put  in  re(|uisition.  Mr.  Brougiitnn, 
will),  with  .some  other  Europeans,  vis.tod  a  Maln-atta  rajah  tt  -yitness  the 
Mreinony,  observes — "  A  few  minutes  after  we  had  taken  our  seats,  lartje 
brus  tnivs  filled  with  ahicr,  and  tlie  little  balls  already  described  were 
liroiijiht  in  and  placed  liefore  the  company,  together  with  a  vcllow-colourerl 
water,  mid  a  large  silter  squirt  for  earli  individual.  The  Muha  Uaj  him  ■ 
jclf  bepiui  tlic  aniuseinenlji  of  the  day,  by  sprinkling  a  little  red  and  yellow 
«»ler  upon  us  from  the  goo/ulnlans,  small  silver  vessels  kcjit  for  the  pur- 
jwie  of  sjirinkling  rose-water  at  visits  of  ceremony.  Every  one  then 
IcgM  to  throw  about  tlie  abrer,  and  to  tquirt  at  his  neighbour  as  he  plcMis- 
•d."  (Sholierl's  Hind.  vol.  ii,  241,  and  vol.  vi,  14.)  A  somewhat  similar 
wslom  prevails  in  Pegu.  At  tlie  feust  of  waters,  the  king,  noblos,  and 
ill  l1)«  [wople  sport  lliemselves  by  throwing  water  upon  one  another  ;  and 
"ills  im|mssible  to  pass  the  streets  without  being  soundly  wet."  (Oving- 
ton'i  Voyage  to  Sural  in  the  year  1G89.     Lon.  1G96  :  page  .^97.) 

Tlic  syringe  in  front  of  No.  115,  is  copied  froLi  Uivius'  GermaiY  Trans- 

Ution  of  Vitruvius,  A.  D.  1548.      It   is  frum  a  vlow  of  the   barber's  shop 

■  to  the  fathcrr  of  Ctcsibius.  (See  pp.  121  and  12'J  of  this  volume.) 

!•■  shop  is  a  partition,  lx^hind  which  the  young  philosopher  is  seen 

lulemly  perusing  a  book,  and  on  the  floor  around  him  uie  a  flute,  a  syringe, 

rot  bellows,  bagpipes,  &c. ;  while  in  front,  the  old  gentleman  in  the 

ip?an  costume  of  tiie  16th  century,  and  witii  a  sword  at  hia  side  I  is 

ive.y  nngaged  ir.  purify. ng  the  head  and  face  of  a  customer. 

In  jit  tliird  volume  of  a  Collection  of"  Emblems,  Human  and  Divine" 

f  Latin :  Prague,  1  CO  1,  page  7C,  a  pair  of  bellows,  a  si/rivgc,  and  a  flying 

wlipili  are  represented  as  forming  the  device  of  some  old  Italiai:  fkinlly, 

i   *ilh  tlie  singular  motto,  "  Tod-o  est  rienJo." 

I      Fc»r  ancient  devices  could  be  pointed  out  that  have  given  rise  to  more 

'  "n|)(irtaiit  improvements  in  the  arts  than  die  primitive  syringe.     Its  modi- 

i  PCitions  exert  on  extensive  and  beneficial  influence  in  society.     As  a  pis- 

lA^cllows  it  is  still   extensively  used   in  oriental  smilhi'i-ies — and  us  the 

^|liit  contributed  to  one  of  the  most  refined  pleasures  of  the  ancients,  by 

"  Wpplying  wind  to  their  organs       It   may  be  coiisiderid  as  the  ininiediule 

{•■irciil  of  the  forcing  if  not  of  the   atmosplieric  pump — in  both  of  w  hich 

It  has  greatly  increased  the  comforts  and   convei.iencies  of  civillzml   life: 

j  10  tlie  (ire-engine  it  protects  both   our  lives   and   our   property  from  the 

•Bon destructive  of  tlu;  elements;  and   in  the  hands  of  the  surgeon   and 

[  |»^yliciun  it  extends  the  duration  of  life  by  removing  disease.     The  mo- 

fisfu  philosophical  apyiaratus  for  exhausting  idr,  and  the  ancient  one  for 

*"" Jpnuiiig  It;  the  mammoth  blowing   machines  in  our  founderies,  and 

steam  engine  itseli',  are  all  modifications  of  the  syringe. 
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A  forcing  pump  differs  but  little  from  a  syringe:  the.  latter  receives nm 
expels  a  liqiiiil  through  the  same  passaei-,  hut  tlie  former  has  a  icpurattl 
pipe  for  its  discharge,  and  liotli  tlie  receiving  aiid  disc)iargiiig  orilues  a 
covered  with  valves.  By  this  an  augemetit  Jt  tii  not  necessary  to  ri'inori 
a  pump  from  the  liijuid  to  transfer  tlie  contents  of  its  cylinder,  as  is  dom 
with  the  syriiiL;e,  but  tlie  operiitinn  of  forcing  uj)  water  may  be  continuum 
while  the  instrument  is  immoviiil.le.  A  forcing  pump,  therefore,  is  ni'Tfly 
a  syringe  furnished  witli  an  induction  and  eduction  valve — one  thruu^ii 
wliich  water  enters  the  cylinder,  llie  oilier  by  wliicli  it  escapes  from  it. 
Of  the  process  or  reasoning  which  led  to  the  application  of  vidvcs  to  the 
syringe,  history  is  silent ;  but  as  hais  been  remarked  in  a  previous  chap 
ter,  their  employment  in  bellows  or  air  forcing  machines,  probably  o{>cni.-(} 
the  way  to  their  introduction  into  water  forcing  ones.  The  ordinary  Ik-I- 
low9  has  bur  one  valvp.  and  the  simplest  and  most  ancient  forcing  |>umps 
have  ni  more.  One  of  these  is  shown  U  No.  IIG.    It  represents  a  syringe 

having  the  orilice  at  the  bottom  of 
llie   cylinder   covered   by  a  valve 
or  clack,  opening  upwards  |  aiuj 
a  discharging  pipe   connected  tO' 
the  cylinder  a  little  above  iti  when 
]>laced  in  water  the  orifice  of  tliis 
pipe  is  closed  with  tlie  finger,  and 
the  piston  being  then  draw  n  up, 
tlie  c'linder  becomes  charged,  and 
when  llie  piston  is  pushed  down 
the  valve  closes  and  the  li<juid  t« 
forced  through  llie  pipe.      In  tli'i 
macliine  tlie  finger  perform*  '.hn 
purt  of  a  valve  by  preventing  m 
fiiim  entering   the  cyliiiuer  whei 
tlie  piston  is  being  raised.     Sue 
pumps  made  of  tin  plate  were  foi 
nierly  common,  and  wer.;  used  t 
wash  wii-iicws,  lyringe  plants  antl' 
garden    trees,  "Sec.      The  fig  jre 
from  plale  57  of"  I/Ex|)loiter  d' 
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No.  116.  No.  IIT. 

SlDgl^'V■1vr  Forrliif  Piiiupi. 

Mines,"  in  Arts   kt  Metikrs,  and  is  described  ^pige    5S4)  as  a  Du/a 
Jill  rap,  "  pour  envoyer  commodement  de  I'eau  daiii  les  diflprents  quarti 
tie  I'altelier." 

N"<».  1 17  is  another  single-valve  forcing  pump  from  the  second  volu 
of  a  Latin  treatise  on  Natural  Philosophy,  by  P.  P.  Steinmeyer,  Friburg 
17(57.     It  is  secured   in  a  cistern,  the  surface  of  the  water  in  which  is 
ways  kepi  above   tlie  small   cpeniiigs   made  through   the   upper   part  ;  to 
tii.U  when  the  piston  is  iJrawi.  >i|t,  as  in  the  figure,  the  li(|uid  flows  in  a.'d 
fills  it ;  and  on  th;  descent  of  llie  piston  the  water  is  forced   up  iLe 
cending   pipe,  the   valve   ])revenling  its  return.     This  is   a  very   siiuuji 
and  ellicieiil  furring  jiump  ;   and  having  no  induction  Vt.lve  and  the  pisti 
lieiiig  aKviiys  under  waa-r,  it  is  not  ve'y  liable  to  derangement.     It  liaa,' 
however,  its  defects  ;  lor  in  elevating  Uie  piston  the  whole  weight  of  the 
alinosjihere  above  it  has  to  be  nvt.-come,  a  disadvantage  that  in  lart'e  ma 
chinos  would  nntiip  compcnsaled  by  the  sn\  ing  of  a  valve.   As  the  pisloo: 
has  to  pass  the  holes  in  tlic  up]>er  part  of  llie  cylinder,  its  packing  would 
be  injured  if  their  inner  edges  were  not  rounded  off.  This  pump  lias  lieea 
erroneously  attributed  lo  a  modern  Kuropean  engineer  :  see   the  Loudon 
Register  of  Arts,  v,  154,  and  Journal  of  tiic  Franklin  Institute,  viii,  379 
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The  ordinary  forcing  pump  has  two  v«lves,  as  in  die  aniiuxed  figure, 
Vk'hir'u  n-piC-*enV!  it  as  generally  niiule.  The  cylinder  is  placed  above  the 
suriacc!  I'l'  the  wr  'er  to  be  raised,  und  consotjuenlly  is  charged  b_v  the  fircs- 
MKi  of  the  i'JTiosphere  ;  tlie  machine,  therefore,  i*  a.  comjiound  one,  dif- 
fering from  tliat  iiust  descrihed,  which 
is  purelv  a  forcing  pump,  ihe  water  en- 
tering Us  cylinder  l»y  gravity  alone. 
The  action  of  the  machine  now  under 
consideration  is  similar  to  riiai.  of  the 
syringe:  when  the  piston  is  raised  the 
Blr  in  the  pipe  below  the  cylinder  rushes 
through  tJie  valve  and  is  expelled  on 
the  deacent  of  the  piston  through  (lie 
other  valve  in  the  ascending  or  dis- 
charging pipe  ;  and  or.  a  repetition  o( 
the  strokes  of  the  piston,  wa'cr  rises  in 
the  suction  pipe,  enters  the  cylinder, 
and  is  expelled  in  the  like  manner. 
Purapsof  thif.  kindarc  some'imcs placed 
in  the  yards  of  dwelling  houses,  die 
suction  pipe  extending  into  a  well,  and 
the  ascending  one  to  a  cistern  in  Uie 
up|)er  porta  of  ilie  building.  In  these 
cases  a.  cock  is  generally  inserted  a  lit- 
tle above  the  valve  in  die  o^cending 
pipe  to  supjily  water  if  required  in  the 
vicinity  of  the  pump. 
The  beautiful  instrument  used  of  late  years  to  transfer  liquids  into  and 
ftwm  the  human  stomach  is  a  modification  oi  the  above  machine.  It  cannot 
with  propriety  be  named  a  syringe,  for  as  it  is  fiimishej  with  valves,  il  is, 
in  every  respect,  a  pump.  Having  been  employed  with  much  success  in 
"idrawing  p<.>ison  from  the  stoma  ;h,  it  is  now  justly  classe  1  iirr.ong  the 
?ntial  ap|)aratus  of  the  surgco.i.  lis  origi-i  and  history  (jt--  detailed  in 
a  pamphlet  published  by  its  inventor,  Mr.  John  Read,  of  Knglaiul,  who 
devised  it  in  1S19,  and  in  the  following  year  obtained  a  patent  tor  tt  under 
the  name  of  a  "Stomach  and  Enema  Pump."  After  visiting  London 
twice  in  vain  for  die  purpose  of  procuring  suitable  tubes,  he  tried  to  get 
•ome  made  in  the  counti-y,  but  failed.  On  a  third  visit  to  the  metropolis 
he  obtained  an  indifferent  one  which  he  thought  might  f.nswer,  and  after 
adapting  it  to  a  pump,  "  I  then  [he  cViservesJ  presont-^d  il  to  .Sir  AstJey 
Cooper,  who  asked  me  for  what  purpose  it  was  intended  ;  I  told  him  it 
was  intended  for  the  rcmnval  of  fluid  poisons  from  the  iiumnn  stomach  ; 
after  a  few  minutes  inspection  of  the  instrument.  Sir  A.  made  the  foUow- 
mg  reply  : — '  about  three  weeks  ago  I  was  called  to  attend  a  young  lady 
about  10  o'clock  in  d.t  morning  who  liad  t^k3n  opium;  I  gave  hi;r  sul- 
phate of  copper,  siilpiiate  of  zinc  and  other  ll'.irgr. :  I  sat  by  her  until 
nis;ht  in  the  evening,  when  she  died  !  If  1  hiid  been  'n  possession  of  tliid 
iuxtrumenl  at  the  time.  1  could  have  relieved  Iier  in  five  inimitcs,  and  have 
saved  her  life."  After  many  questions  how  1  cam(;  to  think  ol'  such  u 
thini;.  which  1  satisfactorily  explained,  he  said  '  what  can  1  do  for  you  V 
tnv  answer  wa« — tlie  publicity  of  your  opinion  is  all  I  wish  :  he  replied, 
'Unit  you  shall  soon  have  ;'  and  he  ordered  me  to  meet  him  the  next  dav 
Hi  Guy's  Hospital  at  one  o'clock,  wlien  he  proposed  to  try  an  experirioul 
on  a  dog;  but  as  no  dog  could  be  procured,  (that  day,]  .Sir  Astlcy  j>n>- 
l<UM*d  Friday  at   the  same  hour ;  wlien  I  attended   as  before,  and   a   dug 


^6i 


Stomu,  h  Pympi. 


[Book  11] 


was  llicn  ready  for  ihe  cxjii-rimetit  in  thp  operariiig  thentrc,  wliicli ■wm 
ennvded  to  excess.     The  dog  was  brought  to  Sir  A.  who  guve  him  lour 
drachrns  of  opium  dissolved  in  water.     The  dng't  jiulse  was  first  iii  120) 
ill  seveu  tnitiutes  it  fell  to  110,  and  from  that  to  90.     The  pjison  waiiuf* 
fered  to  remain  in  the  dop's  stomach  33  minutes,  til!  he  iiY><yn\:i-i  to  be 
dea<l,niid  I  was  do-btful  it  would  be  the  case  bcloro  Sir  A.  wo.ild  Wlnie 
use  the  tmiiip.     1  must  cont'ess  1  was  very  impatient  lo  be  at  wtrk  onihe 
dog  with  my  instrument  in  hand  ready  for  action.     Sir  A.  kept  hif  linger 
on  the  dog's  pulse,  then  at  90,  and  said  very  deliberately,  '  I  think  it  will 
do  now,  as  it  is  33  minutes  since  1  gave  him  the  dose.'     A  basin  ut'wurm 
w^ater  being  :hen  brouffht,  Sir  A.  passed  the  tube  I  had  provnded  into  ik' 
dog's  slomach  :  1  immediately  pumped   the  whole  contents  of  the  liciiin 
[tlie  warm  water]  info  the  stomach,  and  as  quickly  rcpuiTiped  the  whole 
from  the  stomuch,  containing  the  laudanum,  back  again  into  the  Imsiii.  oif 
A.  observed,  while  I  was  em|)tying  the  dog's  stomach,  tlie  laudanum  swim- 
ming on  the  surface,  and  said  '  It  icill  do;'  a  second  basin  of  water  w«» 
Uien  injected  and  withdrawn  by  the  pump  as  before  :  I  asked  for  a  :kiri, 
but  Sir  Astley  said  it  was  unnecessary,  as  the  laudanum  had  all  t>een  re- 
turned in  the  firtit  basin."     In  half  an  hour  the  animal  was  completely  re- 
vived and  rifiiiiiig  about  the  theatre. 

It  may  bo  I'use  to  state,  that  the  quickest  and  easiest  mode  of  employ- 
ing a  stoinacn  pnmp  (according  to  the  inventor)  is  to  use  it  only  as  a.for> 
iitg  pump — that  is  to  inject  warm  water  or  other  dilutciil^  into  the  stomach 
until  tliiit  or^an  becoming  surcharged,  the  fluid  rcgurgitnles  by  the  month; 
ill  other  words  to  till  the  stomach  to  oveiHowuig — the  liquid  passing  down 
I'lC  tul>o  and  rising  through  the  cesophngus  by  liie  siile  of  it ;  the  opera- 
tji.n  being  coiiliiincd  till  llio  fluiil  returns  unchang";!.  •  Inti>  absence  of 
a  I'ump,  a  tunnel  or  Mtlier  vessel  attached  to  a  flexible  tube  tnight  answer. 


No.  119.    Btomach  Ptiinp. 

Thfre  are  numerous  varieties  in  stomach  pumps,  arising  from  tlie  dip 
ferent  mod(^s  iit"  constructing  and  arranging  the  valves,  so  as  either  lo  in-  | 
ject  or  withdraw  li<iuids  through  the  same  tube  without  shifting  the  appa-  I 
mtiis.     No.  1 19  represents  one   that  is  dcstrtlied   in   the  Journal  of  the  { 
Fninklin  Institu^a,  (vol.   xiii,   223.)     It   consists  of  an   ordinary   syringe 
screwed  to  a  cyiiri.irical  valve   box  which  contains   two  egg-shaped  cavi- 
ties.    In  each  civlty  is  a  small  and  loose  spherical  valve  that  fits  either  of 
the  orifices.  Two  flexible  tubes  are  attached  to  each  cavity  as  represented. 
Suppose  the  upper  tube  inserted  into  a  person's  stomach  and  the  lower  J 
one  into  a  biusin   of  warm  water ;  if  the  syringe  were  then  worked,  thejl 
liquid  would  be  forced  into  the  stomach  and  the  poison  diluted  :  then  by 
ttmiiiig  the  instrunient  in  the   hand  so  as  to   bring  the  upper  tube  down, 
(without  witlidnuvingthe  one  in  the  stomach,)  the  valves  would  drop  upon 
the  other  orifices  in  each  cavity,  and  the  syringe  would  raise  the  content*  , 
of  the  slomach  into  the  basin,  as  represented  in  the  figure. 
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|«  hare  oo  ulea  that  the  inventor  of  tlie  stomach  pump  was  indebted 
ulilirin  ft,r  the  hrnt,  yet  that  old  warrior  seems  not  only  to  have  heen 

Bjifr  siil.ji,'ct  for  its  occasional  application,  but  lie  appears  to  have  had 
I  notiotLs  that  might  eventually  have  led  In  it.  'rhose  readers  who 
iliar  with  Butler's  account  of  him  will  remember  tliat  when  ho  was 
eJ  by  Talgol  the  butcher,  the  knight,  as  ho  justly  might, 

.....      .  "  grew  lii^h  in  wrolh. 

Anil  liOipe  liaiidn  and  eye»  up  bolh. 
Three  tiintfi*  he  ftinote  on  fildtuarh  Mtoiit 
From  whence  ul  lujtt  Uiej^.  wordd  broke  out : 
•  ••«••• 

Nor  all  thai  Tnrce  thai  nitilteii  thef  |<rniid, 
I)eenii»e  \iy  bnllack*  ne  er  withstood, 
Shull  siive.  or  help  Uiee  to  evnds 
The  hand  of  ju»tic«  or  iliU  blade. 
Nor  kIihII  those  »ord$  ofrniioiti  bn»e, 
Wliirh  Iho'i  Ihist  iVoni  tlieir  uallve  place 
Till)  ulrnnch,  pump'd  to  tlint;  on  nii! 
Gt»  II  j.'*j»*RMii»^d  :      •  •  •  • 

Thou  iliiwu  ih«  BaiuH  throat  shall  devour  'em, 

Like  ta.uted  beef,  and  pay  dear  fur  'eiu." — Canto  n,  Part  I. 

It  was  a  common  practice  with  the  ancient  Roman  epicures  to  empty  the 
rtomscli  by  an  emetic  Leforo  dinner.  Hud  tlie  application  of  the  pump 
fbriuch  a  purpose  been  tiien  knowr.,  it  would  of  course  have  been  pro- 
fcrred  as  tlie  more  agreeable  and  certtiin  device  of  the  two.  But  if  the 
knciDnls  had  no  u')na.''atus  for  withdrawing  the  contents  of  the  stomach, 
;bcv  Were  not  destir.le  of  means  for  conveying  nauseous  or  corroding 
iijukls  m/o  it,  Piiay,  in  his  Ndt.  Hist.  xx.\,  6.  savs  such  medicines  were 
wdlowed  "  Lhrct.gh  a  {)ipe  or  tanDel"  inserted  into  the  mouth  for  tliai 
)iirpo*e. 

The  pump  figured  at  No.  118  ejects  water  as  a  syringe  and  only  when  the 
•Won  is  forced  down ;  but  by  the  addiliou  of  what  is  called  an  air-vesarl ,  lliu 

stream  from  the  discharg- 
ing pipe  may  bo  made  con- 
tinuous: this  vessel  is  clos- 
ed at  its  upper  part,  and 
open  at  bottom,  where  it  is 
connected  by  screws  to  the 
forcing  pipe  directly  over 
the  valve,  ns  represented  in 
the  annexed  illuHtralion.  A 
dischorgir.g  pipe  may  then 
be  co'inectcd  to  the  lower 
part  of  tee  vecsel,  or  it  may 
be,  as  it  often  is,  inserted 
through  the  top,  in  which 
case  Its  lower  end  should 
extend  rtarJy  to  the  bottom. 
When  by  the  (descent  of  tlio 
piston  \/£.ter  is  forced  out 
of  the  cylinder,  part  of  it 
!Ci«.-j  il,e  pipe,  and  |)arl  rushes  past  it  and  comprcfsrs  Ihe  air  confined  in 
M  upper  part  of  the  vessel;  and  when  die  pis',  in  is  raised  to  draw  a 
'*•''  portion  into  the  cylinder,  this  air  expands  and  drives  out  the  water 
'M  wmpresseti  it  and  thus  renders  the  gtrcaic  constant.  It  will  be  per- 
*•»*«{  tliai  ite  uunntity  of  water  raised  is  not  inci  eased  by  this  arrange 
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ment;  ita  flow  from  the  discharging  orifice  being  merely  rendered  uuiforz] 
or  nearly  go. 

In  die  ordinary  use  of  forcing  pumps  a  constant  instead   of  an  int^ 
rupted  flow  of  water  from   the  discharging  orifice,  may  be  a   matter     < 
no  importance  ;   but  when  those  of  large  dimensions  are  rcijuired  to  raJs 
it  to  great  elevations,  fur  vessels  are   not  only  valuable  but  indis]>ensali|i 
adjuncts;  for  the  el;l^tic  fluid  wilhin  diem  furms  a  mt-dium  for  gnduaJIj 
overcoming  die  inertia  of  the  ascending  liquid  columns,  and  thereby  p 
vents  those  jars  and  shocks  which  are  incident  to  all  non-elasUc  substancci 
in  rapid  motion,  when  brought  suddenly  to  a  state  of  rest.     A  column  ol 
water  moving  with   great  velocity  through   a  pump,  produces,  when   in- 
stantly stopt,  a  concussiiMi  like  that  of  a  solid  rod  of  the  same  length,  when 
its  end  is  driven  against  an  unyielding  object ;  but  with  an  air-vessel,  the 
effect  is  like  that  of  the  some  rod  when  brought  in  contact  with  a  bale  ot 
cotton  or  caoutchouc.     Less  force   is   required   also  to  work   pumps  that 
have  air-vessels,  because  in  them  the  column  of  water  in  the  diocharging' 
pipe  is  continued  in  motion  during  the   ascent  of  the  piston,  lieiire  it  lias 
not  to  be  moved  from  a  state  of  rest  on  the  piston's  return.     When  two 
or  mure  cylinders  are  connected  to  one   discharging  jiipe,  one  air-veisfll 
only  is  reijuired,  as  in  fire-engines,  water-works.  Ace. 

It  is  tliis  kind  of  forcing  pump  that  is  generally  adopted  in  water-worki 
for  the  sujiply  of  towns  and  cides  ;  the  piston  rods  being  moved  by 
cranks  or  levers  attached  to  water  wheels :  sometimes  they  are  driven  liy 
windmills,  steam-engines,  and  by  animals.  The  cylinders  are  ctminionly 
used  perpendicularly  as  in  the  figure,  but  they  are  sometitnes  worked  in 
an  inclined  and  also  in  a  horizontal  position. 

The  celebrated  pump  of  Ctesibius  was  constructed  like  that  represented 
in  tlie  last  figure,  except  th.at  it  had  two  cylinders.  It  seems  to  have  been 
almost  identical  in  its  construction  widi  our  fire-engines.  "  It  retnains  now 
[says  V'ltnivius]  to  describe  the  machine  of  Ctesibius  which  raises  water 
very  high.  This  is  made  of  brass;  at  the  bottom  a  pair  of  buckets  [cylin- 
ders] are  pliiccd  at  a  little  distance,  having  pipes  like  the  shape  of  a  tbrk 
annexed,  meeting  in  a  liasin  in  the  middle.  At  the  u])per  holes  of  the 
pipes  within  the  basin,  are  made  valves,  hinged  with  very  Fxact  joints  ; 
which,  stopping  the  holes,  prevent  the  efiliix  of  the  water  that  will  be 
pressed  into  the  basin  by  the  air.  Upon  the  basin  a  cover  like  an  inverted 
tunnel  is  fitted,  which  is  adjoined  and  lastened  to  the  basin  by  a  collar, 
riveted  through,  that  the  pressure  of  the  water  may  not  force  it  off:  and 
on  the  top  of  it,  a  pipe  called  the  tuba,  is  aflixed  peqicndicularly.  The 
buckets  [cyllndersl  have  valves  placed  below  the  lower  mouths  of  the 
pipes,  and  fixed  over  holes  that  are  in  their  bottoms  :  then  pistons  turned 
very  smooth  and  anointed  with  oil,  being  inclosed  in  the  buckets  [cylin- 
dcrsj  are  worked  with  bars  and  levers  from  above ;  the  repeated  motion 
of  these,  uo  ami  down,  pressing  the  air  that  is  therein  contained  ■with  the 
water,  die  holes  being  shut  by  the  valves,  forces  and  extrudes  the  water 
through  the  mouths  of  the  pipes  into  the  basin;  from  whence  rising  to  the 
cover,  the  air  presses  i/  upwards  through  the  pipe;  and  thus  from  ilie  low 
situation  of  die  reser-'cir,  raises  it  to  supply  die  public  fountains."  Book 
X,  cap.  12.     Newton  8  Trans. 

The  machine  as  thus  described  '.z  a  proof  of  the  progress  which  'bj  an- 
iieiiLs  liatl  made  in  hydra-dies  :  the  whole  a|>pears  to  have  been  of  the 
most  duruble  nm'.'ria's,  and  of  the  best  workmanship.  Although  the  ilsnire* 
of  this  and  odier  machines  which  Vitruvius  inserted  in  his  work  arc  lost, 
there  is  httle  ditficuhy  in  realizing  its  construction  from  die  text.    Transta 
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tnnanJ  ci)mmentatora  Iiiivc  generally  agreed  in  their  views  of  is  as  re- 
prcjfnled  lielow,  viz ;  two  ordinary  forcing  pumps  connected  'c  an  uir- 
vesii'l  iiiJ  one  discliarcring  pipe. 
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frame  of  timher,  and  the  piston  rod*  are 
e'lttched  by  joints  to  levers,  one  end  of  which  are  depressed  hv  cams  ^n 
.''le  axis  of  tfiC  wheel,  as  shown  above  and  also  at  No.  89.  B<i  rl)aro  has 
Tf.'l'ired  a  crar.k  at  the  axis  which  gives  a  reciprocating  motion  to  a  hori- 
nls'  t\  nfc  placed  over  the  pumps, and  projecting  pieces  from  which  iinart 
Dtion  fi  the  piston  rods.  Vitruvius  informs  us  that  when  mucbiiies  were 
wnloyed  to  raise  .vater  from  rivers,  they  were  worked  by  undsi'shot 
wh<'els  irapell.5d  Ly  the  stream,  and  hence  the  pumps  of  Clesibius  were 
liuved  V>  bii'-e  been  moved  by  the  same  means. 

But  for  Vilmvlus  we  sliould  not  have  known  thut  forcing  pumps  con- 
stituted part  of  the  wUer  works  of  antiniiity  ;  and  hiid  he  tint  remarked 
that  tliey  were  co';l  ved  to  supply  "  rutjlic  foui'tains,"  it  might  iiave  been 
supposed  that  wa'xr  never  rose  higi-er  in  "he  dwellings  of  ancient  cities 
ihiui  tliat  whicb  was  Iruwn  directly  from  the  tr,  jeducts. 

It  would  ')c  almost  unpardonable  to  pass  over  this  csletrate-J  machine 
ithoiit  further  remark,  since  it  Is,  in  several  iespe2:3,  C-2  of  the  most 
iiturcstiug  of  all  antiijuity.  An  account  of  its  origin  tid  early  history 
Would  form  a  commcntai  y  on  most  of  the  arts  and  sciences  of  tint  ancients, 
ftud  would,  we  tcliovc,  furnish  evidence  of  theii  progress  in  some  of  them 
thitt  II'W  arc  willing  to  believe.  Although  it  was  attributed  to  Ctesibius, 
there  is  sntne  uncertamty  respecting  the  extent  of  his  claims.  It  may  »))- 
\w.M  )m*idious  to  altemjit  to  rob  this  illustrious  man  of  inventions  ascribed 
to  ti  iCl,  but  our  I  bject  is  to  ascertain,  not   to  dcp'eciate  them  or  diminish 
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their  numlter.     It  has   frequently  been  remarked   that  little  <lependct» 
can  l>e  pl;ict!ij  on  ancient  WTiters  as  regprjs  tlie  authors  of  the  useful  m 
chines.     Generally  those   who  introduced   thern  from   abroad,  who  i 
proved   tliem,  increased  their  effects,  or  extended  their  appiijii.aon,  wc 
reputed  their  inventors.     This  has  been  the  case  more  o.-  '.as  ui  eve  -^ 
part  of  the  world,  and  is  so  at   the  present  day.     The  Greeks  found  ^l-ti- 
thors  among  themselves  for  almost  every  machine,  aJthouj^h  most  of  th^s-  ip 
were  certainly  derived  from  Egypt.     Thus,  the  sails  and  masts  of  shij^^jj, 
the  wedge,  auger,  axe  and   level,  were   known  before   Dsedalus.     T  ^le 
saw,  drill,  compasses,  glue  and  dovetailing,  before  Talus.     Cast  iron  \v»- 
eraployed,  and  moulding  practiced,  and   the  lathe  invented,  long  l>efc» 
TheoJorus  of  Samos  lived;  and  the  screw  and  the  crane  before  Archyt^^t* 
The   last   individual  was  celebrated   for  various  inventions,  and   amon;^ 
others,  Aristotle  mentions  the   child's   rattle,  from  which  it  may  be  infor 
red  that  ho  was  an   amiable   man  and   fond  of  children — but  Lgypiiaa 
children  were  amused  widi  various  species  of  toys,  centuries  bcuirs  Lc 
flourished ;  and   tliey  then  had   dolls   whose  limbs  were   moved  by  the 
pulling  of  strings  or  wires,  as  ours  have  at  this  day.     Wilkinson's  Man- 
ners and  Customs  of  tlie  Ancient  Eygptians.     Vol.  li,  426-7. 

As  regards   machines   for  raising  water,  we   have  already  seen,  that 
•oiiie   have  been  ascribed  to  others  than  their  authors.     Even  llij  siphon 
efnA'Mas  been  attributed  to  Ctesibius,  (Adams's  Lectures,  vol.  iii,  372,)  Ix^catise 
-  -  it  was  found  in  the  construction  of  his  clepsydra,  and  no  earlier  appiict.  od 
J  of  it  was  then  known ;  but  it  is  now  ascertaTiied  to  have  been  in  common  use 
r  ->       among  his  countrymen   in  the  remote  age  of  Rameses — in  the  Augustan 
,  •  *''"  era  of  Egypt,  when  the  arts,  we  are  informed,  "  attained  a  degree  of  per- 
fection, which  no  after  age  succeeded  in  imitating."  Had  the  "Coaimenla- 
ries  of  Ctesibius"  to  which  Vitruvius  referred  his  readers  for  further  inl<  <• 
mation,  been  preserved,  we  should  have  hud  no  occasion  to  attempt  ii  ilcli- 
nition  of  his  cliiims  to   the  forcing  pump;  unfortunately,  however,  tliciss 
and  Archimedes'  Treatise   on  Pneumatic  and  Hydrostatic  Engines  have 
perished,  and  have  left  us  in  comparative  ignorance  of  the  history  of  fcuih 
machines  among  the  ancients. 

We  have  already  seen  that  the  syringe  was  in  conjmon  use  ages  befo.-e 
Ctesiiiius,  and  that  it  was  employed  by  philosophers  to  illustrate  their  hy- 
pothesis of  water  rushing  into  a  vacuum.  Nnw  a  forcing  pump  is  merely 
a  syringe  wHth  an  additional  orifice  for  tlio  liipiid's  discharge,  and  having 
both  its  receiving  and  discharging  orifices  covered  by  valves  or  clacks.  Cte- 
si'^iua  therefore  diil  not  invent  the  piston  ar.d  cylinder,  nor  was  he  the  first 
to  discover  the  ajiplication  of  these  to  force  water,  for  they  were  in  pre- 
vious use  and  f<ir  that  purpose.  Was  he  the  inventor  of  valves  ?  No,  fo' 
they  were  usedin  the  Egyptian  bellows  thitlesn  or  fourteen  htindred  years 
before  he  lived,  and  appear  always  to  have  been  an  e.ssential  part  of  those 
instruments.  They  were  employed  in  clepsydra  ;  an<l  were  most  likclv 
used  in  the  hydraulic  organ  of  Archimedes,  which  Tertullian  has  des- 
cribed. Is  the  arrangemcat  of  the  valves,  by  which  water  is  admitted 
through  one  and  expelled  by  the  other,  to  be  ascrilK?d  to  himi  We  bclie-e 
not,  for  the  itante  arrangement  was  previously  adopted  in  the  bcl.ows,  so 
far  as  regards  the  application  of  one  of  them,  and  the  princi;)le  o;  1m  ili ; 
and  if  it  cotild  be  shown  that  tlie  Chinese  bellows  was  then  lu  use,  aa  we 
suppose  it  was,  and  possibly  known  in  Egy[ii,  (for  that  some  imercourwj 
did  take  place  in  ancient  limes  beiwen  Egypt  and  China,  tven  ii"oiie  peo- 
ple be  not  a  colony  of  the  other,  is  proved  by  Chinese  bottles  and  Jnscriyv 
fions  found  in  the  tombs  at  Thebes,)  then  the  merit  of  Ctesilius  would 
seem  to  be  confined  principally  to  the  construcdoo  of  tnetallU  bcUows  u 


Tlmap.  3.]  To  tite  invention  of  the  Tump  limited. 

'*   c««bT  forcers,"  or,  to  the  application  of  valves  to  the  orilinnry  ti/ringr,  \iy 

>^'l»ich  h  WI13  c  jnverted  into  a  foi-cing  pump,  either  for  uir  or  water.     But 

it    is  not  certain  lliut  ihe  last  was  not  done  before,  for  neither  V'iiruvius  nor 

E*liny  asserce  that  "  water  forcers"  were   not  in  previous  use.    The  lomicr 

*«.>■»  he  applied  the  principle  of  "  compressed  air"  to   them,  in  common 

^^'"I'Ji  "  hydraulic  organs,"    "  automatons,"  "  lever  and  turning  machines," 

**-ri(i  "water  dials,"  {B<iok  ix,  cap.  9;)  hsnce  it  may  as  well  be  concluded 

•^cn'.iiis  passage,  that  he  invented  thes3  us  the  pump.   It  is,  indeed,  almost 

*"^>.S8lble  to  believe  that  ilie  E;i;yptians,  of  whose  sagacity  ai  d  ingenuity, 

**iiri/ Jled  mouumenii  have  come  down,  did  not  aetect  the  application  boili 

**f  the  bellows  and  syringe   to   raise  water  long  before  Ctosii'ius   lived; 

•-•ejce  we  are  inclined  to  place  tlie  forcing  pump  in  ita  simplest  form,  with 

*-iij  syrng'a  and  atmospheric  pump,  among  the  workc — 

"  Cftiamen  onri;  fnincd,  now  dubious  or  fnrgnt 
Ar*d  buried  'midst  tlie  wreck  of  dungs  llial  were." 

I'l.at  the  forcinp;  pump  was  greatly  improved  by  Ctesibius,  theie  eai 
l)e  tA'  i]vest!.>n  ;  but  that  which  gave  celebrity  to  his  machine  waa  proba- 
Hv  tlie  air-vessel,  an  addition,  which  though  not  very  clearly  described  by 
Vrruviiis^  appears  to  have  originated  with  him.  Bv  it  the  pump  insteaj 
of  acting  ns  before  like  a  sijuirt  or  syringe  produced  a  continuous  streanj 
•s  in  ^jet  li'cnit,  a  result  well  adapted  to  excite  admiration,  ond  to  give 
eclat  to  his  name.  The  whole  account  of  his  machine  shows  its  connec- 
tion Willi  and  dependence  upon  air;  whereas  had  it  been  simply  a  forcing 
pump  it  would  have  had  nothing  to  do  witli  it:  it  would  have  raised  wutei 
indepjendenlly  of  it;  and  without  an  air-vessel  Vitnivius  never  could  have 
■nerted  that  it  forced  water  up  the  discharging  tulje  by  means  of  "air 
praMing  it  upwards."  Compressed  air  acted  a  prominent  part  in  all  hia 
machines.  In  his  wind  guns,  water  clocks,  and  numerous  automata;  some 
of  the  latter  in  the  shape  of  birds,  &c.  appeared  to  sing,  others  "  sounded 
trumpets,"  and  these  results  are  said  to  have  been  produced  with  "  fluids 
ciimprcssed  by  the  force  of  air."  VVe  may  add  that  he  compressed  air  in 
his  bydr-iulic  organs  and  precisely  in  the  same  manne.r  as  in  the  piimp, 
viz  :  'jv  water,  and  by  either  air  or  water  forcing  puni]>s.  The  commence- 
ment of  his  discoveries  was  the  experiment  on  air  wilh  the  weight  and 
speculum  in  his  falhrir's  shop,  (see  page  12:J)  in  which  the  descending 
we:ght  "  compressed  tlie  inclosed  air"  and  forced  it  through  tht  .Hevcral 
apertures  into  the  open  air,  and  thereby  produced  distinct  sounds.  "  When 
lhorefo"e  Ctesibius  obsei^ed  that  sounds  were  produced  from  the  com- 
pression E.nd  concussion  of  air,  he  first  made  im.'  t/"  thct  p:  inriple  in  con- 
triT.'r^  hydraulic  organs,  also  water  forcers,  uulomnf(ms,"  &c.  What 
principle  wns  this  which  Vitruvius  says  he  ap]ilied  to  water  forcers  in 
common  with  organs,  iScc.  1  That  of  compressed  air,  as  we  understand 
it;  and  the  empToymert  cf  which  is  so  evident,  in  the  description  of 
Ills  machine  already  given. 

Does  any  one  douDt  that  the  air-vessel  was  known  to,  and  used  by 
Cle.xi"oiu3  '(  Let  hire  rtr-llect  tiiat  Heron,  his  disciple  and  iniitnnte  friend, 
has  also  described  \l;  for  the  celebrated  fountain  of  tJiis  philosopher, 
which  still  bears  his  name,  and  remains  just  as  he  left  it,  is  simply  an 
tir  c'nber,  in  which  the  fluid  is  compressed  by  a  column  of  water  in- 
stead of  a  pump  ;  and  one  of  his  machines  for  raising  water  by  steam,  was 
anotlier.  in  which  tlie  elasticity  of  that  fluid  was  used  in  a  similar  manner. 
Besides  these,  there  are  others  rojireseiited  in  the  S/nrilalift;  indeed,  a 
en>ut  portion  of  the  figures  in  that  work  are  modificnfions  of  air  chani- 
liTs      At   pages  42  and    IIS,  of  Commandine's  Translatioi:,  arc  shown 


•pherica]  vessels  containing  water,  into  which  perpendicular  discliargiiif 
tubes  descend  :  to  expel  tlie  liquid,  syringes  or  minute  puxnj^s  are  aJapied 
to  the  vessels,  for  the  jmrpose  of  injecting  air  or  water,  and  by  that  meani 
to  produce _;f^#  d'eau.  The  common  syringe  is  also  tigtired  at  Inrge  and  in 
section,  p.  120.*  Pliny  also  seems  to  refer  to  air-vessels  in  his  xix  tiook,  cap. 
4,  where  he  speaks  of  water  forced  up  "  by  pumps  and  such  like,  going 
with  llic  ilreni^th  of  wind  enclofed."     Holland's  Trans. 

As  tlie  ancients  have   not   particularized   the  claims  of  Clesibius  to  the 
pumj).  it  is  impossible  to  define  them  with  precision  at  this  distance  of  time. 
Perhaps  the  instrument  had  been  laid  asiide,  or  the  knowledge  of  it  almoft 
lost  when  he  revived  and  improved  it,  as  some  of  his  own  inventions  have 
been  in  modern  times — his  gun,  for  example,  of  which  Philo  of  Byzan- 
tium has  given  a  d;scription.  and  w^hich  "  was  constructed  in  such  a  idu- 
ner  as  to  carry  stones  with  great  rapidity  to  the   greatest  d!s'aiice."*    I'J 
irvention  \<is  been  claimed  by  the  Germans,  the  I'rench,  D  ji:h,  and  ft  m 
the  following  remark  of  Biainville,  by  the  Swiss  also:  speaking  of  Ba**!, 
he  observes,  "  They  muke  a  gr^at  noise  here  about  a  hellirh  invention  if 
a  gunsmith,  who  invented  wind  guns  and  pistols.     TUis  invcntinn  may  be 
truly  called   diabolical,  and  the   use  of  it  ought  to  be  lorbid  on   pain  of 
death."*  Now  if  tlie  modern  inventor  of  the  air  gun,  an  instrument  which, 
two  centuries  ago,  was  spoken  of  as  "  a  late  invention,"''  cannot  with  cer- 
tainty be  ascertained,  it  can  hardly  be  expected  that  the  specific  claims  of 
Otesibius  to  the  putnp  can  be  pointed  out  after  a  lapse  of  2000  years.  If  lie 
was  the  first  to  coml  ir.e  two  or  more  cylinders  to  one  discharging  pi]>e — 
to  form  them  of  metal,  as  well  as  the  valves  and  pistons — and  the  first  to 
invent  and  apply  air-vessels,  his  claims  are  great   indeed,  and   fur  aught 
that  is  known  to  the  contrary  he  is  entitled   to  them  all.     His  merits 
respects  tlie  latter  wnll  be  apparent,  if  we  call  to  mind  the  fact  that  their 
application  to  pumps  has  not  been  known   in  Euro|>c  for  two  centuries; 
and  that  their  introduction  was  in  all  probability  derived  from  hini,  for  it 
was  not  till  a  hundred  years  after  Vitruvius's  description  of  his  machine 
had  been  translated,  printed  and  circulated,  that  we  first  hearof  air-vesscU 
in  noderr.  limes. 

We  may  here  remark  that  at  whatever  {)eriod  toltacro  was  first  smoked 
in  the  Hookah,  (and  according  to  some  authors,  this  weed  'Nvas  used  in 
Asia  bsTore  Uie  discovery  of  America,)  the  air-vessel  was  known;  for  tliat 
instr'.raent  is  a  perfect  one,  as  any  person  may  p.ovf  by  the  following 
experiment :  let  a  smoker,  instead  of  sucking  at  the  end  of  the  tube  whicH 
he  inserts  in  his  mouth,  bl/>w  through  it,  and  the  liipiid  contents  of  the 
hookah  will  be  forced  out  through  the  perpendicular  tube  on  which  the 
weed  is  placed  as  in  a  miniature  fire-engine,  carrying  up  with  it  the  pellet 
of  tobacco,  somewhat  in  the  manner  oj  those  light-bulls  which  are  sotne- 
limes  placed  on  jets  d'eiiu,  or  the  boy's  pea  playing  on  a  pipe  stem.  An 
operation,  in  the  opinion  of  some  physicians,  more  henrfwial  to  the  per^ 
former  dian  the  ordinary  one,  and  disposing  of  the  scented  material  i.i  u 
manner  more  suited  to  its  value. 


■  Heronis  Alexiindrini  Spiritalium  liber.    A    Federico  Coniinindino  urbioate    r.i 
GnDTO  miner  in  I^tiiiinii  coiiversus.  1583. 
^  Duti^n  s  liiqiiirv   in  to   ilio  Origin  of  the  Arts  atlributei]  (o  the  Modems,  p    l^'S 
Travel!,  i,  3t».    *  Wilkitu'  AlaL  .Manic. 
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r«CI»«  punip«  coMlnan- •  LiHtra'«dMS>  i>7(iii|i  pump— riuitfrr  pump:  Inrtntnil  b)' MnnUnd | 
||m  awlTnluMrle  of  lu'xlrru  IxaprovfiL.-Ml  0"^  •'.'i  MufD|t — Apphciitmti  of  II  lo  (.  llirr  ptirjiuH-t  lltnn  m** 
»^  aitof— rncUtmleaa  plui.f  cr  pumj) — Q-jle'tc»lv;r  ;.*jinp» — Appliciilixn  uf  llti*  pnlicipk  of  llr^uiJUl'* 
fttM^lors  iniurviuy  iKMicy  .mo  Uinr  c«<>ljh  i*cic;-f  ,  uiii'i*  wiili  hitIU)w  pintuiu:  Kiiiplu>i<<J  iii  Kivjicb 
«HA.««ift».^(:  Kiuifo  .rem  lUe  work*  LtNilr^Oaiui — L,(:'\ing  immp  from  AgncoU— .Mudi-ni  linio| 
;<ia"»— f:xtnict  fron:  in  o\C  |  ufn|--mak2ri  circulur — t.:Aiug  puuipt  witb  two  pUtou — Coiubiafttioa 
t.  .   >  I.  <  anj  Milid  pi»toiu — Tror^lliick'p  j-umu^Pcrkilu'  |>uinp. 

0/  the  various  mndificaticins  which  the  forcing  pump  has  un(}(:!rgone 
in  recent  times  we   can   notice  but  a  few,  and   ol   tliese  tlie  greater  pari 
ve.-e  most  lik"ily  known  to  ancient  engfincers.     The  most  prominent  one 
ii  iiat  by  which  the  machine  is  mudo   aouble  acting.  Now  die  device  by 
wsich  this  a  ciFected  ha^  not  only  frequently  occiin-ed  to  quite  a  numfwr 
of  ingenkiii3  men  in  llieir  endeavours  to  improve  tlie  jmrnp  who  were  ig- 
btrant  of  its  having  been   accomphished  ;   but  it   is  an  exsct  co]»y  of  one 
liat  h.j   hcMin  nppire<l  to  the  wind  pump  of  China  from  time  immemorial, 
(jce  N.i.  112:)  it  piobalily  therefore  did  not  escape  such  men  as  Ctosibius, 
and  Heron,  and  others  who  appear  to  have  exercised   tlieir  ingenuity  and 
smcity  to  the  utmost  in  order  to  improve  this  machine,  and  who  wore 
enthusi.islicjiUy  attached   to  such  researches.     The   remarks   on  modern 
itnprovcmenta  of  llie  ufmospheric  pump,  pages  225— <5,  are  equally  ap]>lica- 
ble  lo  those  of  the  forcing  one;  and  it  is  worthy  of  remark,  tliat  notwith- 
standing the   present  irnjjroved  state  of  mechanical  scieiice,  the  ancient 
forms  of  botli  now  prevail — for  the  forcing  pumj)  as  maile  by  Clesibius  in 
3t,  and  OS  described  by  Vitruvius  as  used  by  the  Komans,  is  still  more 
nmon  than  any  other. 
The  double  acting  pump  represented  in  the  figure,  was  devised  by  M. 
Jit  Hire  in  tlie  early  part  of  tne  last  century.     His  dcscri])tion  of  it  wna 
published  in  the  Memoirs  of  the  French  Academy  in  1716;  end  from  one 

of  hrs  expressions  we  perceive  \what  was  in- 
deed very  natural)  that  if  he  was  njt  indebted 
for  the  improvement  to  the  contemplation  of 
bellows,  these  instruments  were  at  l^n.st  close- 
ly associated  with  it  in  his  tnind.  The  pump 
I  propose  [he  observes)  furnishes  water  con- 
tinually, "just  B.S  the  double  bellows  makes 
a  continual  wind."  The  piston  rod  piisses 
through  a  stuffing  box  or  collar  of  leathers  on 
the  top  of  the  cylinder.  The  latter  has  four 
openings  covered  by  valves  or  clacks ;  two 
for  the  admission  of  water  and  the  snme  num- 
ber for  its  discharge.  A  B  is  the  suction  pipe, 
and  C  D  the  ascending  or  discharging  one. 
Suppose  the  lower  end  of  the  suction  pipe  in 
water;  then  if  the  piston  be  thrust  down, 
the  valve  near  B  will  cliwc,  and  the  air  in  the 
lowei  part  of  the  cylinder  will  be  forced 
thnnigh  the  \'atve  at  D  and  up  the  pipe  D  C, 
and  in  consequence  of  the  rarefaction  of  the 
air  above  the  piston,  the  valve  at  C  will  be 
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closed,  and  water  ■«'ill  ascend  through  B  A  and  enter  ihc  cylinder  at  Aj 
thon  if  ilie  piston  be  raised  it  will  foicc  all  the  water  above  it  through  tlit 
valve  at  C,  the  only  passiigu  for  it,  while  at  the  same  time  a  tesh  portion 
will  enter  tlie  cylinder  tlirough  the  valve  at  B.  Thus  at  e" -ry  stroke  ui 
the  piston,  whether  up  or  down,  the  contents  of  the  cylii.Jer  are  forced 
out  at  one  end,  and  it  is  replenished  at  die  sLiie  tiine  through  the  other; 
tliis  pump  therefore  discharges  douWe  tlie  quanaty  of  water  that  an  ordi- 
nary one  of  the  same  dimensions  does.  The  piston  rod  may  be  inserted 
throngh  either  end  of  the  cylir.der,  as  circiimsiajices  may  require.  These 
pumps  ore  frequently  used  m  a  horizontal  position. 

Another  variiition  of  the  forcing  pump  consists  in  making  the  piston  ni 
the  same  length  as  the  cylinder  but  rather  less  in  diameter,  so  tliat  it  may 
be  moved  freely  in  the  former  without  touching  the  sides.  These  pistjns 
are  made  wholly  of  metal  and  turned  smooth  and  cylindrical,  to  as  t> 
work  through  a  stuffing  box  or  cup]}ed  leathers.  The  quantity  of  water 
raised  at  each  stroke  has  therclbrc  no  reference  to  the  capacity  of  the 
cylinder,  however  largo  that  part  of  one  of  these  pumps  may  be,  for  the 
liquid  displaced  by  the  piston  can  only  be  equal  to  that  part  of  the  latter 
that  enters  the  cyliniler.  Switzer  has  given  a  figure  and  descri^nion  of  an 
old  engine  composed  of  three  of  these  pumps  "  tliat  has  been  some  years 
urocted  in  the  county  of  Surrey."  Newton  has  figured  the  piston  Ijellows 
described  by  Vitruvms  as  furnishing  wind  to  hydraulic  organs  in  a  similar 
way.  In  Commiindine's  translation  of  Heron's  Spiritalia,  page  159,  the 
same  kind  of  plunger  is  figured  in  a  pump  belonging  to  a  water  organ  ; 
and  at  p.  71,  a  fire-engine,  with  two  working  cylinders,  has  pistons  ol  tlie 
■ame  kind.  These  pistons  were  formerly  named  plungers,  and  tlie  pumps 
plunger-pumps.  Their  construction  and  action  will  be  understood  by  the 
figure,  which  represents  one  of  a  number  that  were  cm- 
ployed  in  the  water- works,  York  Buildings,  London,  in 
the  las!t  century.  The  piston  was  of  brass,  cast  hollow 
and  filled  with  lead,  the  outside  being  "  turned  true 
and  smooth."  A  short  rod  attached  to  the  upper  end 
of  the  piston  was  connected  by  a  chain  to  the  arched 
end  of  a  vibrating  beam,  that  was  moved  by  one  of 
Newcomen's  engines.  The  piston  was  therefore  mere- 
ly raised  by  tlie  engine,  while  its  own  weight  carried 
it  down  :  to  render  it  sufficiently  heavy  for  this  pni^ 
pose,  a  number  of  leaden  disks  (or  cheeses,  as  tliey 
were  named  from  their  form)  having  holes  in  their 
centres,  were  slipped  over  the  rod  and  rested  upon  the 
piston,  as  in  the  figure.  These  were  increased  until 
they  were  found  sufficient  to  press  down  the  piston 
and  force  the  water  up  the  asceiiding  pipe.  Tlie  cup- 
ped leathers  through  which  the  piston  worked,  were 
similar  to  diose  now  used  in  the  hydrostatic  press.  A 
small  cistern  was  sometimes  formed  on  the  top  of  the 
pump,  that  the  water  it  contained  might  prevent  air 
from  entering  through  the  stuffing  box  or  between  the 
cupped  leatliers  :  it  served  also  to  charge  the  pump 
through  a  small  pipe  or  cock.  A  valve  opening  up- 
wards was  sometimes  placed  just  nbovj  the  plug  of 
the  cock,  and  the  latter  left  open  wlei  the  machine 
was  started,  that  the  air  witliin  the  cylinder  might 
escape  ;  and  as  soon  as  the  water  rose  and  filled  the  pump,  the  cock  wat 
shut.     It  is  immaterial  at  what  part  of  the  cylinder  the  forcing  or  aBcend- 
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iny  pipe  j»  attncTiod,  wliether  at  the  bottom,  near  the  top,  or  at  any  miep- 
mwliatc  place.  Smull  pumps  of  this  kind  are  now  commonly  otriiiloyod 
tofpfil  jiL'tim  boilers  nnd  for  other  puqmsci,  and  arc  worked  by  Icvt.rs 
like  the  ordinary  lifting:  and  forcing  pumps,  the  pistons  being  preserved 
in  1  perpendicular  position  by  slings,  &c. 

These  pump*  are  believed   to  be  of  English   origin,  having  been   in 
rented   by  Sir  Samt:el  Moreland,  "  master  of  mevhunics"  to  Charles  2d. 
Like  some  old  philosophers,  he  exercised  his  ingenuity  in  improving  hy- 
•Jrauiic  and  other  engines,  for  raising  water.     Besides  the  plunger  pump, 
'or  which  he   obtained  a   patent  in   1675,  he   invented  a  "  cyclo-olliptic 
iroveraen?"  for  transmitting  motion  to  piston  rodo,  a  figure  of  which  is  in- 
«=rted  by  Relidorin  the  second  volume  of  his  Arch.  Hydraulii|uc.  He  is 
kbo  the  reputed   inventor  of  the   speaking  trumpet,"  of  a  capstan,  and  a 
•team-engine.    Jn  16S1  he  made  experiments  with  an  engine  consisting  of 
two  or  more  of  his  pumps  at  Windsor,  in  presence  of  tlie  king  and  court, 
(inrinsj  which   he  forced  water  from  the  Tliumes  in  a  continual  stream  to 
the  tn]>  of  tlie  ca-5tle  ;  and  according  to  Dr.  Hulton,  "  sixty  feet  higher." 
MopeJaiid  viJted  France  the  same  or  the  following  year,  by  order  of  the 
king,  to  exan:ine  the  famous  Nvatcr-works  at  Marli,  and  while  in  Paris  he 
exhibited   models  of  his   pump  before  the   French  court,  and   also  con- 
structed  several  for  his  friends.     In  1GS3  he  presented  an  account  of  va- 
rion*  machines   for  raising  water  to  Louis  14lh,  in   a  manuscript  volume 
written  and  omainen'id  with  much  elegance;  and  in  1G85,  an  iccomit  of 
his  iinprovef)enls  '.va.*  published  in  Paris  in  a  work  entitled,  "  Elevation 
des  raux  par  tome  serte  de  machines,  reduite  u  la  mesure,  au  poids,  4  la 
halancp.  par  !«:   moyen  d'un  nouvcau   piston  et  corj  s  de  pomjM? ;  et  d'liii 
nouveau  mouvprnent  cyclo-elliplKjue,  et  rcjetant  I'visage  de  toute  sonc  de 
manivelle  tirdiuaires,  par  le  Chevalier  Moreland."  It  does  not  appear  that 
he  ever   publii^hed    lliis  work  in  England,  for  Swit/er  had   recourse   to 
Oznnam,  a  French  A'riter,  for  a  description  of  Moreland's  pump  ;  as  he 
touW  procure  no  Entrlish  account  of  it,  "  having  taken  great  pains  to  find 
out  what  Sir  Samuel  had  left  on  that  head  to  no  purpose."   Ojianam  states 
that  .Vorcland  spent  "  twelve  years  study  and  a  great  deal  of  money"  to 
liritiij  diis  pump  to  perfection;   "  and  without  this  nrw  invention  it  woulil 
lisvc  boen  impn^^ilJe  to  have  reduced  the  raising  of  water  to  weight  and 
inciuMirc,  as  he   na.s  done."     The  latter  observatrim  refers  to  the  leaden 
wcijiits  jilaced  on    the   piston   rod,  and    the  ipnintity  of  water  raised   l>y 
ihem:  '.ho  water  and  the  elevation  to  which  it  was  raised  being  compared 
*ilh  tlte  sum  of  ih"  wc'ghts  employed  to  furce  it  up.'' 

If  we  mistake  not  this  is  the  most  valuable  tmd  original  modification  of 
llie  forcing  puTii>  that  modern  times  bave  produced.  The  friction  of  the 
piston  is  not  only  greatly  reduced,  but  the  boring  of  the  cylinder  is  dis- 
lionsed  with;  an  ?neration  of  considerable  expense  and  difficulty,  particu- 
l»rly  so,  befoiv  u.Hcient  apparatus  for  that  purpose  was  devised.  Another 
xivantsge  is  the  facility  of  tighteniiisr  the  packing  without  taking  out  the 
pTon  or  even  stopj)ing  the  pump.     The  value  of  .Moreland's  invention  in 


'Ttifr*  ill  »!)  inttriiment  very  like  a  spoakiiis  tnnii|i(!t  in  the  hands  o(a  figiifo  in  one 
•ft!'-  >ll;i>lr.'it<atiH  of  till!  Eneici,  exciriti'ij  in  ihi-  fourth  or  (M>  ''fliinrv,  in  Iho  V-Tilh  |>hile 
yi  •■  Ptiimini;"  ID    D'.Agiiicoiirl's  llisinrv  n("  iHh  I'me  ArL<.     It   in  a  conirnl  ;iilm,  (he 

Wph  lieiMg  eniinl  to  llml  ofthp  incli\  iiIiliI  iimiig  il;  nnd  liy  which  hp  n|i|>pani  to  direct, 

till  ttif  top  ol  a  lowirr.  tlie  oomtnUuntw  liidnw.   Kirclier  h:Ls  givwii  a  (i;;iiro  ol'ii  trtitnpel 
'P'oiijli  vvhifh  he  supposed  .Alexiiiidi^r  i"[iok«  to  his  iiriiiv. 

'  !^tc  !<«ii;r<?r'»  Ilvdro'lulics.  pl.iif  i-'i.  pp.  :W(-J.  3.'>".  Ln  Molrnyr'ii  Trnvfls,  vol.  iii, 
^n  1T;W.  l»i-«nj;iilMT<'  Philos.  vol.  ii,  2ii(i.  BelKhtr'n  ArehitucliirF.  Ilidr.iiilnpii.',  torn. 
"■Si.  tail  L'Art  I>'K«ploi(er  Ixm  Mine*,  in  Art*  et  Metiers,  pnge  I05H,  nnd  iikuchu  47 
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the  estimation  of  engineers  appearo  from  the  increasing  employmeni 
of  if.  ll  is,  moreover,  for  aughl  thai  is  known  to  the  contrary,  the  pareul 
of  the  common  lifting  pump;  and  to  its  inventor  tlie  double  acting  steam- 
engine  of  Watt  is  in  some  measure  due,  tlie  efficiency  of  that  noble  mv 
chmt!  depending  entirely  upon  closing  the  top  of  tlie  cylinder  and  passing 
the  piston  rod  through  a  stuffing  box — both  of  which  had  already  been 
done  in  tliis  pump.  Steam-engines  have  also  been  constructed  on  lor 
same  |ilan  as  these  pumps ;  otic  long  piston  playing  in  two  horizonlal  cy- 
linders, and  the  (lower  transmitted  from  it  by  means  of  a  cross-head  a:- 
lached  to  the  middle  of  its  length,  and  on  that  |)art  which  moves  between 
the  stulling  boxes.  Another  celebrated  machine  is  also  copied  from  tJiem 
—  Briiniali's  hydrostatic  press  is  one  of  Moreland's  pumps. 

There  is  another  species  of  plunger  pumps  in  which  tlie  stuffinjr  box  is 
diapenscd  with,  and  consequently  llie  piston  works  without  friction.  A  M 
scpiare  wooden  tube,  or  a  common  pump  log  of  B 
sutHcient  length,  and  willi  a  valve  at  its  lower 
end  is  fixed  in  the  well  as  shown  in  the  figure. 
The  depth  of  t]ie  water  must  be  equal  to  the 
distance  from  its  surface  to  the  nlace  of  deliva- 
ry  ;  and  a  discharging  pipe  having  a  valvo 
opening  upwards  is  united  tc  the  pump  tree  al 
tlie  surface  of  die  water  in  die  well.  The  pis- 
ton (a  solid  piece  of  ■woo-J)  is  suspended  by  a 
chain  from  a  working  betm,  and  loaded  suffi- 
ciently with  weights  to  irnke  it  sitik.  As  the 
liquid  enters  the  pump  'jirough  the  lower  valve, 
and  stands  at  the  same  level  within  as  without, 
whenever  the  piston  descends,  it  necessarilv  dis- 
places the  water,  which  has  no  otJier  passage 
to  escape  but  through  the  dischurging  j)ipe.  in 
^,  consequence  of  the  lower  valve  closing.     And 

--  wlien  the  piston  is  again  raised  as  in  die  figuru, 
J^^  a  fresh  portion  of  water  enters  die  pump  and  is 
-^5'^     driven  up  in  like  manner. 

PfsS^  I''".  Robison  observes  thai  hs  has  seen  a  nia- 

5^^^^  chine  consisting  of  two  of  thsse  pumps,  n^nde  ^ 
^^^^  by  an  untaught  laboring  man.  The  plung-fl 
\zzs~^  ''"  were  suspended  from  the  ends  of  a  long 
^^^^—  beam,  on  the  upper  surface  of  wliich  the  man 
~-^^~~  walked,  as  on  the  picoluh  of  India.  He  stood 
I'lungcr  ,^n  one  end  till  one  plunger  descended  tj  th 
bottom  of  its  tube,  imd  he  tiien  walked  t?  th( 
other  end,  the  declivity  at  first  being  about  25°,  but  gratlnally  growing  lei 
as  he  adviinced.  In  diis  way  ho  caused  the  other  plunger  to  descec 
and  «t>  on  uliernatcly. 

By  this  machine  a  feeble  old  man  whose  weight  was  IlOlbs.  raised  7 
cubic  feet  of  wafer  11^  feet  high  In  a  minute,  and  wroug.it  eight  or  ten 
hours  every  day.  A  stout  young  man  weighing  lo4l))S.  raised  SJ  cubic 
feet  to  the  same  height  in  the  same  time.  The  application  of  this  pump 
is  (jxtremely  limited,  and  there  is  a  waste  of  power  in  the  water  that  is 
uselessly  raised  around  the  piston  at  every  stroke.  ^ 

The  pistons  of  precluding  machines  are   made  of  solid  materials;  burfl 
the  putiip  now  t.i  be  described    has  a  liquid  one.     It  was   invented   Hbout 
the  yerir  1720,  by  Mr.  .losliii.-i  Haskins,  who  made  the  first  experiment  with 
It  in  tlie  Imiise  and   pi-esence  of  the   celebrated  Desaguliers.     His  design 
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wu  to  avoid  tlie  friction  and  consequent  loss  of  power  in  commnn  punii)«, 
• -ffore  "  coulrivcJ  a  new  way  of  raising  water  wtliout  any  liiclioc 
-a;  making  use  of  quicksilver  instead  of  leather,  to  keep  the  .iir  or 
driierirom  slipping  by  llie  sides  of  tlio  pistons."     Various  moditiculiont 
of  ii  were  soon  devised  by  tlie  inventor,  l»y  Dr.  Desaguliers,  and  by  Mr 
William  Vreem,  the  assistant  of  llie  latter,  *'  who  was  an  excellent  mecha- 
nic."   One  form  of  it  is  represented  by  tlie  figure.    A  is  the  suction  pipe, 
lAe  lower  end  of  which  is  inserted  in  the  water  to  be  raised.     Its  upper 
•nd  terminates  in  tJie  chamber  C,  and  is  covered  by  a  valve.  Tlie  forcing 
pipe  B,  with  s  valve  at  its  lower  end,  is  also  connected  to  the  chamber. 
Between   these  valves  a  pipe,  open  at  both  enils, 
is  inserted  and  bent  down,  as  in  the  figure.     The 
straight  part  attached  to  it  is  the  working  cylinder 
oftlie  pump  and  should  be  made  of  iron.  Another 
iron  pipe,  a  little  larger  in  the  bore  tluin  the  last, 
and  of  the   same   length,  is  made  to  slide  easily 
over  it.     This   pipe  is  closed  at  the  liottom  and 
suspended    by  chains  or   cords,  by  wliicii   it   is 
moved  up  and  down.     Suppose   this   pi|>e   in   the 
position  represented,  and  filled  with  mercury — if 
It  were  then  lowered,  the  air  in  the  cylinder  and 
between   tJie  valves  would   become   rarified,  luid 
the  atmosphere   pressing  on   the  surface   of  the 
water  in  which  the  end  of  A  is  placed,  would  force 
the   liquid  up  A  till  tlie  density  of  t^ie  contained 
air  was  the   same   as  before  ;  then  by  raisuig  the 
pipe  containing  the  mercury,  the  air,  unable  to  es- 
cape through   the   lower  valve,  would   be  forced 
through  the  upper  one;  and  by  re|)eiiting  the  ope- 
ration, water  would  at    last   rise    uiul  be  e.ipelled 
in  the  same  wny;  firopulcd  the  elevation  to  which 
it  is  to  be  raised  does  not  exceed   thirteen   times 
llic  depth  of  the  mercurial  column  around  the  cy- 
linder ;   the   specific  gravity  of  quicksilver   being 
BO  many  times  greater  than  that  of  water.    When 
the  dejith   of  the   former   is  30  inches,  the   lattei 
tiay  \ni  niiscd  as  many  feet  in   the  suction   pip«^  and  forced    up  an  etiual 
ilisiaiice  through  the  f<)rcing  one,  making  together  an   elevation  of  sixty 
feet;  but  if  water  be  re(|uireJ  higher,  the  dujiili  of  the  mercurial  column 
•n  the  moveable  pipe  must  be  proportinably  increased.     To  make  a  small 
'|u«jitity  of  mercury  answer  the  jnirpose,  a  .solid   piece  of  wood  or  iron 
lliM  ii  a  little  less  than  the  cylinder,  is  secured  to  the  bottom  of  the  move- 
«Me  vessel  as  shown  in  the  centre:   tliis  answers  the  same  object  as  an 
tfliul  bulk  of  mercury. 

These  pumps  have  their  disadvantages:  they  are  expensive;  and  how- 
ever well  miide,  the  quantity  of  quicksilver  re<juired  is  considerabh.' — the 
•SHaiuni  cons<,-qiJent  on  the  necessary  movement  soon  converts  it  into  an 
"viiiij  and  renders  it  useless — grcot  cnre  is  also  required  in  working  these 
inwlmics;  if  the  movements  are  not  slow  and  ri'guhir,  the  mercury  is  very 
apt  >n  |,e  thrown  out  ;  to  prevent  which  the  upper  end  of  the  vessel  ctm 
.1  18  dished  or  enlarged.  Fur  experimental  researches  modifica- 
I  such  pumps  may  be  useful,  hut  for  the  reasons  above  stated,  they 
bavc  never  l>een  extensively  employed  in  the  arts.  A  simple  form  of  one 
II  dfr^crilmd  in  a  late  volume  of  the  London  Mechanics'  Magnr.ine,  nnd 
dwindle  22d  vol.  of  llie  .Tounial  of  tlie  Franklin  In.stitnte,  p.  327.     See 
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•!so  vol.  xxxii,  Pliil.  Transactions,  and  Abridg.  vol.  vi,  362.  De«Hguliefi' 
I'iiil.  vol.  ii,  491.  Id  Jamieson's  Dictionary,  p,  852,  a  mercurial  punipui 
the  form  of  a  wheel  is  described. 

Tiie  liifdrmtatic  j/ress  is  simply  a  cylindrical  forcing  pump,  whose  piston 
II  moved  by  the  water,  instead  of  the  latter  by  il.   A  platen,  on  whicli  are 
placed  the  articles  to  be  pressed,  is  connected  to  the  upper  end  of  the  potcji 
rod  ;  water  is   then  injected  into  the  cylinder   bv  a  niucli  smaller  pump, 
and  as  tliis  liijuid  :s,  t<i  all  practical   piir|>oses,  imiimprrmilAr,  the   piston  ii 
necessarily  niscd,  and  die   articles   l>rtinirht  ii^iinst  an  immoveable  plate, 
between  which  and  the  platen  they  arc  cnmprevscd.  The  ilegree  of  pre*- 
•ure  thus  excited   di-jx-nds  upon   the  difference  between  tlic  area  of  the 
pistons  of  the  ])ump  and  of  the  press.      The  apparatus  exhibits  in  ainalier 
form,  the  celol)rated  hydrostatic  paradox  by  which  the  pressure  of  a  liijuiil 
column  however  small,  is  made  to  counferlmlnnce  that  of  another  liotterer 
large.     Hydrostatic  presses  have  been  applied  with  advantage  in  mime- 
,     rous  operations,  as,  expressing  oil  from  seeds,  pressing  paper,  Imoki,  tiiv 
\f^    ^  "^and  cotton  ;  tearing  up  trees  by  the  roota,  pniving  the  strength  of  rtcsra 
'  ^A>  boilers,  metallic  water-pipes,  and  even  cannon.     In  this  city  (New-Votlt) 
»  ships  of  a   thousand  tons   are  raised  out  of  the  water  to  repair,  by  o«e  of 

j_,  •  these  machines  elected  at  "he  head  of  onfe  of  the  docks.  The  cylimier 
^^^  ^^  i«  secured  in  n  horizontal  position,  and  the  pumps  are  woiked  by  a  stcim- 
t-^-w*^  engine.  The  frame  on  which  the  vessel  floats,  and  by  which  it  is  raisnl, 
'  »-  ^  ♦••'  is  suspendetl  by  a  number  of  chains  on  each  side  that  pass  over  pulleys  ami 
S^*f     ^^jpicrminaie  at  the  end  of  the  piston. 

^'Ti,    There  is  a  very  interesting  and  beautiful   illustration  of  the  principle 

ft^'^^f  Bramidi's  hydrostatic    press   in  the   contrivance    by  which    bees  fl"n: 

(L^^  their  honey.      The  cells,  open  at  one  end  and  closed  at  tlie  other,  arc  ir- 

jangird  horizontally  over  cath   other,  and   in  that  position  are  _/itV/r(/ wiib 

TT^w    I   the  liijuid  treasure.    Now  suppose  a  peries  of  ^lass  tumblers  or  tubes  1«k1 
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on  thoir  sides  and  piled  upon  one  another  m  li;ie  manner  were   recii 
^^^  r    to  be   then  tilled  with  water,  it  certainly  would  rer|uire  some  reflection  to 
^^J  devise  a  plan  by  which  the  operation  could   be  performed  ;   but  whatever 
p*        I    mode  were  hit  upon,  it  could  not  be  more  ingenious  and  effective  than  llmt 
J>A'        adopted  by  these  ilimiiiutive  engineers.     At  the  further  or  closed  extn-- 
,    '^       mily  of  each  cell,  they  fabric^ite  a  murraljle  piston  of  wax  whicb   is  fitlcJ 
.,  air  tijjht  to  the  sides,  and  when  a  bee  arrives  laden  with  honey,  (which  u 
contained  in  a  liipiid  form,  in  a  sack  or  stomach,)  she  penetrates  the  j.itlon 
ii**"  with  her  proboscis  and   through   it  injects  the  honey  between  the  clo6<^l 
end  of  the  cell  and    the  piston,  and  then  stops  the  ajtertxire  with  her  feet. 
The  piston  is  therefore   pushed  forward  as  the  honey  accumulates  hehiinl 
it,  till  at  last  it  reaches  the  open  end  of  the  cell,  where  it  remains,  liemir 
tically  sealing  the  vessel  and   excluding   the  air.*     As   soon   os  one  cf'l 
is  thus   charge<l,   tlie   industrious  owners   commence   with    another.    Il 
will  be  perceived  that  rtiese  pistons  are  propelled  precisely  as  in  the  hy- 
drostatic jiress,  tlie  liquid  honey  being  inc.om]>ressible,  (with  any  fore*  tii 
which  it  is  there  subjected,)  every  additional   particle   forced  in  nccesm* 
rily  moves  the  piston  forward  to  afford  the  recpiired  room.    Widiout  jock 
a  contrivance  the  cells  coulil  no  more  be  filled,  and  kept  so,  than  a  bucket 
Could  be,  with  water,  while  laying  on  one  side.     Were  the  orgruiizalio" 

•  To  ket-p  ihe  lioncy  pure,  iinri  prcser\e  il  from  evaporation,  in  llie  liigli  temperalurt 
of  ■  hive,  llie  air  nnm  !»■  kepi  (rntii  it,  Coiiltl  liiiiunii  ingenuity  linve  devifeil  a  nmrt 
pcrrccl  iiioile  orar.coinplistiiiij;  llii-  objcrt  7  Tlie  fnot  i*.  Uees  in  lliii"  ninlter,  mizlit  loiif  »W 
nave  laiiilii  iiinii  ilip  [irnciice  ivliich  is  iioiv  pursued  of  prcser%inz  doth  liquid  and  »»liJ 
■linieni/reiA  for  yeiira — lu  lin  cusei  iinpeis  luiu  to  tiie  air,  and  iVom  which  it  liiu  bed 
excluded. 
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lioN-ly  examined,  ir  would  doubtless  Iks  found   tlmt  the  relative 
of  llirir  proboscis  and  of  tJic  ci'lls,  and  llie  urea  of  the  (lj<-llo\v*J 
^  pimipg  in  ihcnr  bodies,  are  such  as  ar«  best  adiiptca 

L  ^1  ^  ^^'^  nius'.-uiar  ei.ergj'  which  tjiey  eiTiplov  in  work- 
P^  jRf  ing  the  lutier.  Were  it  ollierwise,  a  }ri-eaiiM' force 
■H^^r  miglil  l>e  reijuir-jd  to  inject  >iie  hoiiev  and  dnve  for- 

^^■^  ward  tlic  piston,  thai.  *.i.ey  possesb.     In  llie  case  of 

^^  -  a  hydrostatic  press,  when  tht^  resisiii^  %,'i  is  too  great 
to  t>e  overcome  bv  an  injeclion  purap  of  large  dia- 
jifclcr,  one  of  smu  ler  bore  la  employed. 

V\^e  shall  now  pioduce  a  few  specimens  of  forc- 
i.i<»  pumps  wi'-.  null'jw  pistons,  or  s-ueh  as  admit  wa- 
if r  to  pasi  llirjugh  them.  If  a  common  atmospheric 
patnp  lie  invcri-il.  its  cylinder  immersec  in  water, 
and  llio  valves  of  the  upper  and  low  et  uoxe-  rt  versed 
33  in  :he  fi^^ure,  it  l>ecotre.'-  a  forcing.  i>t,  as  it  \s 
soraetitiies  nutne<i,  a  UJ}ini^  pump :  beoause  the  con- 
tents of  the  cylinder  are  lifrec  up  wtitn  the  piston  is 
raised,  instead  of  being  dnveti  our  Ironi  below  by  il» 
liescfjil,  as  lit  Nos.  lltj,  11'  il  a  lifting  pump  the 
bpiid  is  expelled  frojn  the  top  of  the  cylinder — in 
a  forcing  one  from  the  bottom — it  is  the  water 
>  piston  that  is  raised  by  the  fonner ;  and  that  which  enters  be 
y  the  latter.  The  piston  rod  in  the  figure  is  attached  to  an  iron 
It  l»  »u»|>ended  to  the  end  of  a  beam  or  lever  as  in  Nos.  123,  124. 
e  on  tlie  lop  of  the  piston,  like  that  at  the  end  of  the  cylinder, 
opens  upwards.  When  the  piston  descends  (which 
il  does  by  its  own  weight  and  that  of  the  frimie)  its 
valve  opens  and  llie  wat«r  enters  tlie  upper  part  of 
the  cybnder,  tlicu  as  soon  as  it  begins  to  rise  its 
valve  closes,  and  the  liquid  above  it  is  forced  up  tlie 
ascending  pipe.  Upon  the  return  of  the  piston  tho 
npper  valve  is  shut  l)y  the  weight  of  the  column 
above  it,  the  cylinder  is  again  charged  and  its  con- 
tents foi-ced  up  by  a  repetition  of  the  movements. 
Machines  of  t);is  description  are  of  old  date.  They 
were  formerly  employed  in  raising  water  from 
mines.  They  were  adopted  by  Kannetpiin  in  tlie 
celebrated  water-works  at  Marii  ;  and  by  Lintlaer 
in  the  engines  he  erected  during  tlu;  reign  of  Henry 
4th,  at  Pont  Xeuf,  to  supply  Uie  Louvre  from  the 
river  Seine. 

As  they  cannot  in  all   locations  be  inserted  con- 
veniently in   tlio   reservoir  containing  the  water  to 
be  raised,  they  have  sometimes  lieen  placed  in  cis- 
terns erected   above  the   orisrinal  source,  and   sup- 
plied by  atmospheric  pumps  extending  to  it,  as  in 
^fo,  127.     The  cyliniler  of  the  atmospheric  pump 
Itirniinates  in  the  bottom  of  the  eislern,  and  is  plac- 
ed directly  under  that  of  the  lifting  one;  tlie  pistons 
of  both  lieing  anached  to  tho  same  rod  and  worked 
by  the  same  frame.     Snch  was  the  construction  oi 
nfu  from  wKKT-     '''"  "''1  I'arisian  water-works  at  the  bridge  of  ^o- 
nra  l>»m«,  I'urn.     if^.  Dame.     These  consisted  of  a  series  of  pumps 
as  !n  tlie  Rgure.  and  worked  by  an  undershot  whp<>l 
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If  tlie  head  of  a  common  pump  (No.  90)  be  closed,  except  on  opcniue 
through  which  the  roil  M'orks,  or  moy  be  vrorked,  it  is  then  convcrtej 
into  a  lilting  pump,  and  will  raise  water  to  any  elevation  through  a  (:ipe 
attached  to  the  spout.  Thi  carii-;st  specimen  that  we  have  met  wi:))  ii 
represented  by  the  12Slli  figure,  from  Asricola.  Although  a  rude  dfviee. 
it  IS  interesluis'as  illustrative  of  ti'P  resources  of  old  mining  engineers,  \t> 
niodilying  and  applying  *.hc  •••inirno]-  wooden  pump  under  a  vanoty  nl 
ciicumstonces  The  upper  parts  of  two  atmosjihcric  pumps  tcrniiiinr* 
ill  a  close  ch-.mDer  or  strong  box,  ^two  aides  of  wliirh  are  removed  in  the 
figtire  to  show  its  interior,*  their  lower  cikIs  exteiidina  into  water  collected 
at  a  lower  depth  in  the  m'n.>.  From  tlie  top  of  tlie  box  a  forcing  pipe  ii 
continued  to  the  surface  of  the  gound,  or  to  another  level  in  the  nrine, 
from  which  the  water  rniseil  through  it  can  be  discharged.  The  piston 
rods  are  worked  by  a  di-uole  craul%  one  end  of  which  turns  in  a  socket 
formed  .?.  tlie  inside  of  tlie  chamVier,  and  the  other  is  continued  ihrougii 
tlie  opposite  side  and  br-it  intc  a  hamlle  by  which  the  laborer  works  tliB 
machine.  'I'wn  collars  are  formed  on  the  cnuik  axle,  one  close  to  the  om- 
side,  and  the  udier  to  ihc  inside  of  that  part  of  the  chamber  through  which 
it  passes,  and  Mime  kiiid  'if  puLking  seems  to  liavi  been  used  to  pirvcni 
the  water  from  leuki-ig  tliii>ugh.  Four  iron  arms  \.'iih  heavy  balls  at  ihoir 
ends  are  secured  to  tiic  axle  to  cipraii/e  the  movement.  These  wei-e  tin 
old  substitutes  for  tlie  modern  fly-wheel :  they  were  (piite  common  it 
all  kinds  of  revolving  machinery  in  the  15th  ana  IGth  centuries. 
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The  modern  form  of  the  lifting  pump  is  represente4  in  figure  No.  I2S. 
The  working  cylinder  being  generally  brass  or  copper,  and  having  I. 
stronsT  flaiich  at  each  end  :  the  upper  one  is  covered  by  a  plate  with* 
BtufKiig  box  in  the  centre,  through  which  the  polished  piston  rod  inovc»i 
and  the  under  one  by  another  to  which  the  suction  pipe  is  attached,  «nu 
whose  orifice  is  covered  by  a  valve.     To  tlie  forcing  or  dischurging  pip* 
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I  rwli  is  corriTnoiily  «oIelered  as  in  No.  118,  lo  supply  water  wlien  rr- 
uuiroii  al  llif  j>iimp.  This  is  one  of  llie  most  useful  forms  of  tlie  pumii 
for  liotisc'liohl  jiurjwses:  it  may  be  placed  in  the  kitchen,  celhir  or  yam, 
ilid  will  not  only  draw  water  fnim  a  well,  but  will  force  it  uj)  to  every 
Hoor  of  a  dwelliiii;.  and  still  answer  every  ohjcct  of  the  ordinary  atmoij- 
nhcnc  pump;  and  if  an  air-ve?sel  be  connected  to  the  pipe,  as  in  No.  120, 

II  will  then  become  a  domestic  fire-engine  ;  and  when  a  suHicient  length 
ol'hosf  pipe  is  k<:pt  at  hand,  water  may.  in  case  of  fire,  be  conveyed  in  a 
fewmotnenls  tn  any  part  of  the  bnildin;;.  Desagnliers,  a  ccnlnry  ago,  re- 
commeiidrd  this  application  of  it,  and  il  is  surprii<in<r  that  it  has  not  be- 
cnme  nioi-c  general.  The  following  exlnict  from  a  pump-maker's  circular, 
ISOyi'ar?  since,  refers  to  it.  "  Pumps  which  may  be  worked  by  one  man, 
for  raising  water  out  of  any  well,  upwanls  of  120  feet  deej),  sulHcient  for 
tke  service  of  any  private  house  or  family,  and  so  contrived  that  by  fum- 
inz  a  cock,  may  supply  a  cistern  at  the  top  of  the  house,  or  a  bathing  vessel 
•n  my  room;  and  bv  screwing  a  leather  pipe  the  water  may  be  conveyed 
either  up  stairs,  or  in  at  a  window,  in  case  of  any  fire."  Switzer'a  Hy- 
dro.^tiifics,  352. 

Altlinii'jh  the  valve  in  the  ascending  pipe  is  not  an  essentia]  part  of 
t!ip«e  [innips,  il  is  a  valuable  addition,  since  it  removes  the  pressure  of  the 
li((uid  column  above  it  from  the  stutfingbox,  when  the  pump  is  not  in  use. 
The  inventor  of  these  pumps  (and  of  the  stuffing  box)  is  unknown.  They 
Wv  ili'scribcd  bv  Dcsajjuliers,  Helidor,  and  other  wnter.<!  of  the  last  ceu- 
twv  as  ilion  common,  and  they  are  figured  in  the  6th  volume  of  machines 
Mil  inventions  apj>roved  by  the  French  Acailemy,  p.  19 

Symctimes  the  cylinder  itself  has  been  made  to  answer  the  purpose  of 
in  air-vcss<d.  With  this  view  it  is  made  longer  than  usual,  anil  the  dis- 
charging pipe  is  connected  lo  the  middle  of  its  length,  Mow  which  the 
I  pi"ijn  works.  The  air  is  therefore  compressed  in  the  upper  jmrt  of  the 
I  cvliiiHcr,  but  as  it  is  liable  to  escape  at  the  joints  and  thiough  the  stuflT- 
M  'iig  lion,  a  separate  vessel  is  fir  preferable.  Mr.  Martin,  in  the  2d  vol.  of 
I  "H  Philo»o[ihy,  has  figured  and  described  a  pump  of  this  kind,  which  ho 
■        Mv.i  was  the  invenfinn  of  Sir  James  Creed. 

I  /l  1815,  the  London  I^ciriety  of  .A ris  awarded  a  silver  medal  and  fifteen 

K        punpas  for   a   lifting   pump  with  two   jiistons.      The   cylinder  was   made 

^L    (Wtce  the  usual  length,  and  each  end  furnished  with  a  stnfling  box  through 

^P   Wlich  two  separate  rod*  worked.      The  suction  pipe  being  attaclu'd,  like 

'"C  forcing  one,  lo  the  side  of  the  cylinder;  the  lower  piston  was  inverted 

"'■"^ng  its  valve   on  the  top  as  in  No.  186.      'fhe   outer  ends   of  the    rods 

*^rt^  rannecfed  to  the  centre  of  two  small  wheels  or  friction  rollers  which 

"J'^'^cd  between  two  guide  pieces,  and   thus   prevented  tlio  rods  from  de- 

j'^**ing  from  the  centre  of  the  cylinders  ;   llie  upper  wheel  was  coiinei  ted 

''  **.  short  rod  to  the  pump  lever  as  in  llie  c/immon  pumos,  and  the  ether 

^-  hy  a  longer  rod  (bent  at  it.s  lower  part)  to  :bc'  same  hwer,  but  on  the  op- 

r**»tc  side  of  the  fulcrum;  so  that  as  one  was  raised  the  other  was  lowered  ; 

-^■•cc  the  two   pistons  alternately  ajijiroached   to  and  receded  li-orn  each 

*«3r,  and  conse(pirnily  one  of  tliem  woj  always  forcing  up  water  when- 

w'^r  the  machine  was   at  work.     Tri'.ii.-.actions  Soc.  Arts,  vol.  xxxiii.  11,5, 

«-?  Iii'lievc  these  pumps  have  never  been  mucli  used,  nor  do  we  think  they 

''*^**««e5s  any  advantages  over  two  sepnrato  ones)  for  they  are  to  ali  intents 

**«3  purposes  double  pumps.  The  cylinders  are  twice  the  length  of  single 

*^*^! — diey  have  two  pistons,  two  -t  ds,  two  stuffing  boxes,  and  double  the 

*^»ount  of  friction  of  single  ones.     Two  distinct  pumps  are  more  ecomi- 

^•*<al.     After  one  of  the  above  has  been  a  little  while  in  use,  air  will  un- 

"^^iidably  iiisinuale  itself  L'jough   the  !ow<:i  rttiffin^  box  and  diminish  or 
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destroy-  the  vnciium  upon  wliicli  tlie  ctEcieiicir'  of  the  machine  defienili 
The  same  reinarks  a[>|>ly  to  tliesc  that  were  mode  on  atuiosplieric  piunju 
with  two  pistons,  at  page  227. 

Tliere  is  a  pump  w  ith  two  pistons  in  Bcsso.i's  Theatre  Jes  Iiiatruincn^ 
whicli  shows  tliat  such  devices  were  known  in  the  16lh  century.     It  coo- 
sists  of  a  si|uiire  trunk  four  or  five  feet  in  length,  and  die  bore  five  or  six 
inches  across,    immersed  [)erpendiculivrly  in   wuter  at   tlie   bottom  of  t 
well  ;  its  lower  end  being  open  and   the  upper  one  closed,  except  at  the 
centre,  where  an  ojiening  is  left  ujid  covered  by  a  vulve.  A  sijinire  piston, 
with  its  vulve  opening  upwii.-ds,  is  fitted  to  work  in  the  trunk  I'rom  below 
by  a  rod  connected   to  its  under   side,  as  in  No.  12().     A  lever  pwsej 
dirough  die  lower  part  of  the  trunk,  (dirough  sHts  made  for  it  in  two  op- 
posite sides,)  one  end  of  which  is  secureil  to  a  piece  of  timber  wailed  in  tin 
well,  by  a  J'in,  on  which  it  moves ;  and  the  odicr  end  extends  to  llie  op- 
posite side  of  the  trunk,  where  it  is  hooked  to  a  chain  that  reaches  from 
lie  pninp  brake  at  the  top  of  the  well.     The  lower  end  of  the  piston  rod 
is  connected  by  a  bolt  to  that  part  of  the  lever  that  is  within   the  trunk. 
This   apparatus  forms  the  liftinj^  or  forcing  port  of  the  machine.     A  com- 
mon jjump  tree  or  bored  log  extends  from   llie  place  to  which  the  wiilur 
is  to   be  raised,  to  the    top  of  tlie  trunk,  and  the    junction  with   die  Uutt 
made  jierfccily  tight:  an  upjier  box  or  piston  witli  its  rod  is  fitted  to  work 
in  the  tree  like  un  ordinary  wooden   puni]),  while  the  valve  on  the  trunk 
answers  tlie  purpose  of  a  lower  box.  This  rod  is  attached  to  die  V»rake  on 
one  side  of  the  fulcrum  and  die  chain  that  is  connected  to  the  lever  and 
lower  rod  to  (he  op[)osiTe  side,  so   that  as  one  jiiston   rises  the  other  de- 
scends and  a  ciinsl.iiU  stream  of  water  is  discharged  above. 

This  is  die  oldest  putiip  with  two  pistons  that  we  know  of,  and  it  hai 
one  advantage  over  others,  viz  ;  in  raising  water  without  changing  its  Ji- 
roclion.     We  at  first  intended   to  insert  u  figure  ol'  it,  but  the  apparatui 
for  working  it  is  too  complicated  for  popular  illustration.     Although  mo- 
tion is  imparted  to  tlie  ])iston  as  noticed  above,  it  is  not  done  directly,  but 
by  nieojis  of  such  an  enormous  amount  of  complex  and 
useless  machinery  as  wouUl  excite  amazement  in  a  mo- 
dern mechanician.    Tliere  is  an  nssemlilage  of  rods  and 
levers,  tongs  and  lazy  tongs,  chains,  right  and  left  hand- 
ed screws,  u  heavy  counterpoise  antl   a  massive  pendu- 
lum,&c.,  all  of  which  are  required  to  be  put  in  motion  be- 
fore the  pistons  can  be  moved.  A  figure  of  such  a  pump 
would   possibly  interest  some  rea(iers  as   a   matter  uf 
curiosity,  for  certsiinly  ii  rarer  example  of  tlie  wasie 
of  powirr  could  not  well  be  imagined  :   it  presents  a 
clumsy  and  "  ruuiid-about"  a  mode  of  accomplishing 
very  simple  puq)ose,  as  diat  of  the  genius  who,  in  taj 
ping  a   c'lik   of  wine,  never  thougiit  of  ir.serling  the 
spigot  itit  I  the  barrel,  but  attempted  to  drive  the  barrul 
on  liic  spigot. 

Sometin  es  rmmps  with  solid  and  ho'Jcw  pistons  era 
conibiued  as  •.  .'*'o.  130,  a  coiitriv-in^e  of  Mr.  Trove 
'.hick.  The  c>(iir.der  of  a  forcing  pump  conimuircate? 
'vith  tliat  ;^f  ar.  itnios;»lieric  one  ;  both  piston  rods  arm 
connected  to  a  cross-l.^t  and  rise  and  fall  togttli  jr.  WLea 
th-2  pistons  are  rais:>;  the  water  obove  that  in  tlie  I0114 
(or  almosplifric)  cv'  i.der  is  discharged  at  the  spout.  i:.J 
'.he  space  beluw  Jiem  is  filled  bv  the  atmosjdiere  forr- 

ll»  ISO.    Tr»v«llilrli'«  i-       1  .1  i.   .1.*  .•  •  wri. 

Puoii..  ;"g  up  Iresh  p:>rtiOQS  tlurough  the  suction  pipe.      Wheu 
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Ipistous  descend,  the  valve  on  tJie  sucliun  pipe  closog,  and  tJic  solid 

Ron  drives  die  water  Lu  ils  cvlhidcr  Oirou^li  liic  hollow  one  in  die  other, 
so  that  whcllier  rising  or  fulling  the  liquid  continues  to  tiow.  As  both 
cyliiidpr*  are  filled  at  the  same  time,  the  bore  of  the  suction  pipe  should 
111-  pmporiioiKilily  onlarped.  The  plate  bolted  over  the  o])etiing  at  the 
liuver  part  of  one  cylinder  is  to  give  access,  in  large  pumps,  to  llie 
lower  valve. 

In  some  pumps  both  a  solid  and  a  hollow  piston  are  made  lo  work  in 
the  same  cylinder.  Such  were  tliosc  that  constituted  the  "  single-cham- 
ber fire-engine"  of  Mr.  Perkins.  A  plunger  worked  through  a  stufRng 
hnx  a«  in  No.  12",  and  its  capacity  was  aliout  half  that  of  the  cylinder; 
conKHjuently  on  descending  it  displaced  only  that  pro()ortion  of  the  contents 
of  the  Litter.  The  opertures  of  discharge  were  at  the  ujiper  part  of  tlie 
lyliiidcr,  aud  a  single  receiving  one  at  the  bottom.  From  the  lower  end 
of  the  plunger  a  short  rod  projected,  to  which  a  hollow  piston  or  sucker 
wiu  ktutcheil,  fitted  to  work  close  to  the  cylinder,  so  that  when  the  plunger 
wu  rained,  this  piston  forced  all  the  water  above  it  through  the  discliurg- 
ine  apertures.  To  convert  one  of  these  pumjis  into  a  tire-engine,  the  cy- 
liniier  of  the  pump  was  suiTouuded  by  a  shorter  one  oi'  sheet  copper,  the 
lower  end  of  which  was  left  open,  and  its  upper  one  secured  air-tight  to 
the  flaiich  of  the  pump  ;  the  space  left  between  the  two  forming  a  passage 
fur  the  water  expelled  out  of  the  inner  one.  A  larger  and  close  cylinder 
encompuiBcd  the  last,  and  die  space  between  th>'m  was  die  air  chamber,  to 
the  Inwcr  part  of  which  a  hose  pipe  was  attached  by  a  coupling  screw 
in  the  usual  way. 

Such  pumps  are  more  compact  than  those  with  two  cylinders,  but  they 
u*  more  complex,  less  efficient,  and  more  difficult  to  keeji  in  order  and  to 
tepiiir.  The  friction  of  the  plunger  and  sucker  is  much  greater  than  ihaX 
oftlie  piston  of  an  oiilinary  double  acting  pump  of  the  same  dimensions; 
iiid  ihc  latter  di.scharges  double  the  quantity  of  water;  for  although  double 
wiui^,  the  effect  of  these  pumps  is  only  equal  to  single  acting  ones.     For 

iaJxjve  reasons  they  have,  we  believe,  become  obsolete  or  nearly  so. 


CHAPTER     V. 

^^^Knfnry  |tnni|t«:  Uiiirnrniily  in  elTnrlfc  niti<lR  to  iniprovr  mnrhlo'*»^Prr-vaiUuf  cu^tnralo 
^*»ft  ivctilitinar  kimI  nH:i|imcatiit|r  movementa  into  circn'iir  norfr—Kpifrrnw  of  Aiiii^nlnr— Aitclsnt 
^"""''n  rr«pcrliii|r  circulur  mnlumf — Ailvmiln^r*  at  rnlary  iiititMOii  r>Xfin|>lirM<<l  In  vuriou*  innrhine*^ 
■T^'triti/,!,,  „f  .|tn.iiiMC  «M>t  wravinc  i  Iii»(nncai  anif*!!*'!!-*  r^ir^T*  line  thntu — Kniitry  putnp  from  8»r* 
"'^'►^"JtiK'roniiiir  iniriittniM  of  lii* — ClcvHlficaiiMri  Mf  rutury  iMinipf — l*re'»  •'.ii.im-ftiiirriie  anil  |>um|v— 
****»»f  cl«*»  of  ftrtnry  |»m:ii|»>— Pioinry  I'limp  of  tim  l*itU  cciiiiiry — Pump  vritli  *titltiiff  tiiiiinpiil— TroW 
*«ii|iae  and  puiut>— Frciieli  rot<iry  |.d(ii|i — Bram«iti  nri'l  l>M-keiiM)n'»  puntp^Rotury  pumpii  wUh  pi»- 
hlbna  of  VHtini — CrntririiL'.-J  ^uiiip — IVTm-u  of  rntar}'  pump*— Rvciprocftltnf  toimry  pumps; 
-Ah  Kaeti^h  OMe— U'-'focIv  a(  iheMi  puuip*. 

-No  one  can  stuily  tlie  j»a«t  and  jreseiit  hialory  of  numerous  machines 
'^  dovico.^  wirliout  p\.'rceivinp  a  strikin;,?  uniforfnily  in  the  efforts  made 
'  *tBprove  tlit?fn  '.n  fli-ffant  ti-nes  and  countries;  the  san:e  g<;neral  doffcis 
JR^sonrccf;  of  d?fc-cl3  seem  always  to  liAve  l)eeii  delected,  and  8in:ilar  me- 
^^a  liil  epon  lo  remedy  or  remove  them:  the  same  ideas,  n^orecvcr,  led 
j^'^Titors  lo  mo<Iify  and  nn])ly  machines  to  o:her  purposes  th&n  thooe  for 
^*vli  ihey  v/ere  originally  c  3o^ned,  and  aisc  to  increase  llievf  ciTccl  by 
IpKgiiijr  the  i9.turo  and  direc'Jon  of  r^elr  motions.  Zz  unifuiii]  nave  been 
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the  sppculatiotis  of  ingeniniis  mpn  in  tlifse  resperfs,  tlint  nnc  niig}it  he  «]• 
most  led  to  suppose  tlicy  had  reasoned,  like  the  lower  uiiiinaU  From  »  com- 
mon instinct ;  and  that  the  adage  of  Solomon,  "  there  is  no  new  thing  un- 
der the  sun,"  w;is  us  npplicalile  to  the  inventions  of  man,  as  the  works  of 
nature.  It  would  indeed  lie  no  very  hard  task  to  sliow  that  tlie  preacher 
Was  correct,  to  iin  extent  not  general!}'  believed,  when  he  [>cnncd  tlie  fol 
lowing  interriigaiory  and  rej)ly — "  Is  there  any  tiling  whereof  it  may  lie 
said, — Se°.  th.s  is  in-w  ? — it  lialli  Inen  of  «Ul  liwv  which  was  Wfure  us." 
Uid  a  modem  .«avan  invent  some  pecidiar  surgical  insivunienl«  of  erert 
merit  ? — similar  ones  were  suJjsctjuently  discovered  in  the  ruins  of  Pom- 
i)oii.  Have  patents  been  issued  in  late  years  for  economizing  fuel  iu  the 
healing  of  water,  Ijy  making  the  Ii<juid  circulate  through  hollow  prate 
bars? — tlie  same  device  has  been  found  ayiplied  f  iincient  Roman  iKillers, 
And  tlie  recent  practice  of  urging  fires  witJi  current*  of  steam  (also  patented) 
was  quite  common  in  the  nnddlc  ages.  (See  remarks  on  the  Eolipile  in 
the  next  book.)  Numbers  of  such  e.xamples  might  be  adduced  from  a}- 
mo,<!t  every  department  of  the  u.seful  arts. 

From  the  earliest  titnes  it  has  been  an  object  to  convert,  whenever  prac- 
ticable, the  rectilineur  and  recij)rocating  movements  of  machines  intoci^ 
cular  and  continuous  ones.     Old  maclunists  seem  to  have  iicen  led  to  thil 
result  by  that  tact  or  natural  sajracity  that   is   more  or  less  comm<.in  to  all 
times  and  people:  thus  the  dragging  of  heavy  loails  on  the  p-ound  led  tc 
the  adoption  of  wlieels  and  rollers — hence  our  carls  a/id  carriages  : — lie 
rotary  movements  of  the  drill  and  the  wimble  superseded  the  alternating 
one  of  the  puncli  and  gouge,  in  triaking  perforations: — the  horizontal  wheel 
of  the  potter  rendered  modeling  of  clay  vessels  by  hand  no  longer  neces- 
sary:— the  whetstone  !,'ave  way  to  the  revolving  grindstone: — the  tnrning 
lathe  pnuliiced  round  forms  intiniiely  more  .iccuruie,  and  expeditinusly  tluu 
the  uncertain  and  iiTcgular  carving  or  cutting  away  with  llie  knife.     The 
qtiem,  or  tu-isrinal  hand  mill,  was  more  efficacious  than  the  alternate  action 
of  die  primitive   [lestle  and  mortar  for  bruising  grain  ;  and    the  varioui 
forces  by  which   cnrn  mills   have  subsequently  lieeu  worked,  have  alwavi 
been  apiilicd  through  revolving  mechanism.     The  short  handles,  im  tie 
moveable  stone,  by  which  females  and   slaves  moved  it  round,  became  in 
lime   lengthened   into   levers,  and    being   attached   to   the   peripherics  of 
larger  .stones,  slaves  were  sonieiirnes  yoked  to  them,  who  ground  ihe  gnin 
by  walking  round  a  circular  path.  Subsecpiciilly  slaves  were  repl.iced  bj 
animals,  and   these,  in   certain   locations,  by  inaMimate  agents — wind  aliw 
water.      The  period   is   unknown  when   man  first    derived   rotary  motion 
from  the  straight  currents  of  fluids,  for  there  is  no  sufficient  reason  to  l>* 
liovc  that  the  water  mill  locnied  near  the  residence  of  Mitlu-idates  was  t-k 
first  one  ever  used  in  grinding  corn  :  (/<a^  may  have  been  the  one  fir** 
known  to  the  Romans  ;  bu'  it  is  very  probable  that  such  machines  as  vW'^i 
as  wind  mills  were  in  use  in  Egypt,  Syria,  China,  and  other  parts  of  A.^ai| 
in  times  thai  extend  for  beyond  the  confines  of  authentic  history.    Ati  e-S-ip 
gram   of  Aiitipater,  a  contemporary  of  Cicero,  irit>li?8   tliat  water  tt^i' 
were  not  then  very  c<unmon  in  Europe.     "  Cease  your  wr rk,  ye  mn_-^w 
ye  who  laboured  in  the  mill:  sleep  now,  and  let  the  birds  sing  to  the  ru«_3» 
morning,  for  Ceres   l-as  commanded   tlie  water  nvmphs  to  pe'forra  v     ^ 
task  ;  these,  obeJi^nt  to  her  caJl,  throw  tliemselves  on  the  wheel,  ic 
round  the  axle-tree,  and  by  these  means  the  lieavy  mill." 

Rotary  motions  were   favori.c  ones   with  ancient  philosophers :  r 
considered  a  circle  as  the  moit  perfect  of  all  figures,  and  «;rronooL3ly 
cl'ided  that  a  bo<iy  in  motion  would  naturally  rvvolve  in  one.' 

To  the  subsiituiiun  uf  circular  for  straight  itu<Loiis,  and  ofcontiiiuou. 
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the  convemences  and  elegan- 
serl  that  tin?  prosent  advanced     hi 
k'olving  mecljanjsin J  we  may  /!/• 
motive  iiLTeuls  have  wixmght,/ 


ilwmiitin^  ones  may  be  attributed  nearly  all  the  conveniences  and  elegan 

cIm  of  civilized  life.  It  b  not  too  much  to  assert 

lUU'  nf  scicuce  and  the  urts  is  due   to  rev 

ineak.  of  the  wonders  that  steam  and  other  motive  iiirenis  have  wixmg 

|)ul«lvat  could  they  have  done  without   this  means  of  eniploying  theral 

the  application  of  rotary,  in  place  of  other  movemcnls,  is  conspicuous  iu 

xieiii  machinc»ry ;  li'ora  that  which  propels  the  stalely  steam  ship  through 
iLe  water,  and  those  flying  chariots  named  "  locomotlw^s"  over  the  land, 
illu'.  which  is  em]>loyed  in  the  majiufacture  of  pins  and  jiointing  of  nee- 
It  is  by  this  lliat  tJie  irregular  motion  of  the  ancient  flail  and  primeval 
«ve,  have  become  uniform  in  thrasliing,  bolting  and  winnowing  muithines; 
— heiicc  our  circular  saws,  shears  and  slitUf.g  mills  ; — the  abolition  of 
till)  old  mode  of  spreading  out  aifta!  int«i  coea.j  with  the  lianmier,  by 
tbe  more  expeditious  one  of  passing  It  tliruugh  rollers  or  Hatting  mills  : — 
•nd  lieiicc  revolving  oars  or  j-at'dlc  ^^-heeis  for  tne  propulsion  of  vessels — 
till'  [irocess  of  inking  type  witn  rollers  in  place  of  hand  balls — rotary  and 
power  printing  presses — anc  revolving  machirts  for  planing  iron  and 
other  metals  instead  of  the  ancient  practice  of  ciiiiip.r.g  off  su|>erfluous  por- 
tions wiiji  chisels,  and  the  tedi(>us  operatiun  of  smootliing  tiie  rurfaces 
with  tiles. 

But  ill  few  tilings  is  the  effect  of  this  tt.ange  of  mo'ion  more  conspi- 
cuous than  in  die  modern  apparatus  for  preparing,  spinning  and  weaving 
vegclatile  and  other  fibres,  into  fabrics  lor  clotiiing.  Tlie  simple  application 
of  rotary  motions  to  these  operations  has  m  a  preat  degree  revolutionixed 
Ihe  domestic  economy  of  the  wi  rid,  and  has  increased  the  general  cuni- 
fiwtJ  of  n>ir  race  a  hundred  fold.  From  the  beginning  of  time  female* 
l»»espuii  thread  with  (he  distalT  and  spindle  :  Isaamah  the  antediluvian, 
uid  Lirln'sis  and  Omjihale  the  mythological  spinsters,  have  been  init- 
ialed In  die  use  of  these  implements  by  the  industrious  of  their  se.x  in  all 
•gea  Kiid  countries  to  rjuitc  mo'b'rn  Jays,  and  even  at  present  tliey  are 
«mplnycd  by  a  groat  part  of  the  human  family.  In  India,  China,  Japan, 
lurally  through  all  tlit  East,  as  well  as  by  the  Indians  of  this  bw- 
ri.',  iliis  mode  of  making  thread  is  continued  :  the  filaments  aro 
iimwri  from  the  distad'  and  twisted  by  the  finger  and  thumb,  the  thread 
wi'iff  kept  at  a  proper  tension  by  a  metallic  or  other  spindle,  sus- 
[lendcd  to  it  like  the  jilummet  of  a  builder's  level,  and  the  momentum  of 
*hich.  while  turning  round,  keeps  twisting  the  yarn  or  thread  in  the 
Interim  of  repeating  die  operation  with  the  fingers.'     The  thread  as  it  is 


'Tlierc  Df''  niiinernii9  8lliisini,ii  in  history  1.'  this  nriinillve  mnile  nrnpinniiig,  Ihnt  art 

111. .1.1.    'I mr-iiup  ornncieni  iiiniincrs.  At  llie  'j.ittlM  nr^nlniiii!).  liiir:(.-n  ArH<i;iHitt  coiii- 

1  pliip  III   iliii  I'er!*ian  Uri't.  unH  Xi'niws,  ns  n  ponipiimifiit  lo  her  bravcrv,  sent 

pleir  !.uil  of  nrinor.  wliile  lo  liis  (i^iicriil  (vvlio  nii.«  iicrc:iifil)  he  [irtifnled  a 

ilttluh  iiiitl  *piiiitltv  Whi'ii  Plicrelilie  niiiilicil  to  nii>;lltioii  of  Cyprus  liir  nn  ariiiv  to  re- 
'"viT  liif  fprnirr  dlitnily  niid  coiiiiiry.  lie  iiilliiiated  the  iiniiropnety  oC  hiT  conduct  br 
""I'liii"  her  a  diil.ilTof  wool  aiid  II  ^oldflii  sn  ndlc.  Htrml.  iv.  liy.  Horciiips  al!eiii|iiei) 
["  «pi"  m  the  presence  of  Cnipimle,  nnd  iilit'  huiiter'-u  him  on  lii«  iinroiiih  iinimt'r  nf 
^'''''■"  It""  disMlV.  .AiiKiiig  llie  (Ireck*  und  Kuitiiuis  '..i(«  rili-"  of  iii!irri:ut<"  dirccifd  ihe 
M  iif  vviMiieii  to  rpinintii,' ;  a  di-liifT  >i.  ii  In  fcr  wpro  lln'  einlilems  nnd  ohjpclsi  of 
i.i'wifM*)'  liihor^;  and  so  llipy  v  ore  :i  roii,';  the  JewK — '*  A  virtnoiH  woiiitin  [i^i'iva 
•■'oluiiiMii]  liivulh  licr  hftldln  lo  the  Hpindle  mid  lier  liniidn  hold  Ihti  ilisUir."  Wlion  l,ii- 
'reiid  vvi|s,,||<prjj|(.,|  by  the  visit  ort'olliitinii!)  iiiid  his  coiiipnnioiiKof  thw  camp.  :illhoii^rh 
""•  L  jl.i  WI15  tar  iidviinred.  they  found  her  willi  hi-r  inaidi  fiiin^red  in  xpiniiiiifi.  \ 
I" wiiL' found  in  I'oinpeil  rcpre«i'nt»  UH-^i;*  se:ili:d  al  hi-  own  j::iLf\  mid  nimcenled 
uii'itr  lie  j[nrii  nf  a  hepi-ar  ;  IViiehipe,  who  i.«  iiiqiiinnir  of  the  siippoi-cd  iiii'iidicaiil  foi 
jjihiiinuf  h'r  hiiiliaiid,  hnlils  in  one  hand  a  spindle',  a.-  if  juiit  call<;d  from  spiiijiinj.  On 
li>e  luiiiiiiiiiiMiia  of  Bfni  lia."»an  Imili  men  iiiid  women  are  repre.ientrd  «pinring  am! 
weavinj.  8vveriil  Ccyplmn  »piiidlH.<  are  presened  in  tlio  nnineiiiii'i  of  Kiirope.  See 
"'  luxouut  of  a  feiiialo  m  SardiD  ipinaiug  while  going  for  water,  at  page  22. 
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formed  is  wound  round  the  s|iindlc.  In  1530  Jurgon  itf  Brunswick  J«» 
vised  a  machine  wliit;li  dispensed  witli  tliis  inlcnniltiiig  action  of  the  ringvn, 
t.  e.  he  invented  llie  i>|>iiining  wheel,  which  rendered  the  operalion  of 
twisting  the  Hlumcnls  uiiiiorni.  The  wheel,  however,  like  tlic  ])tiniitive 
upparalus  it  wns  designed  to  supersede,  produced  only  one  thread  ut  i 
time;  but  in  llic  last  century  Hargreiives  produced  the  "  spinning  jenny," 
by  which  a  single  person  on  lufntng  a  w/ifcl,  could  spin  eighty-four  tlire»d» 
at  once;  then  followed  the  "rollers"  of  Ark  Wright,  tlie  "mule"  of  Crorajil 
to  which  niiiy  be  luided  liie  "  gin"  of  Whitney,  and  also  "carding  ciigiw 
fn  place  of  the  old  hand  cards,  all  composed  of  and  put  in  motion  bj 
revolving  ninchinerv  : — tiiese  liitve  indelinilely  extended  tlie  spinning  of 
tliread,  tuid  relicvcci  females  from  a  species  of  labor  tliut,  more  tliun  uij 
other,  occupied  their  a;'.ention  frcm  the  beginning  of  die  world;  ami  Usllv 
"  power  looms"  impelitd  by  water,  wiinl,  steiun,  or  animals  (ihrougli  tiw 
agency  of  circular  m'lveni'jr.ts)  arc  rapidly  superseding  the  irrogulux  Bid 
alternating  motion  of  h'lTuim  hands  in  tlirowing  the  shuttle  to  and  fro. 

'J'hc  Conversion  of  oiinrniiliing   into  con'.iiiuous  circular  movements u 
also  obvious  in  ancieU  ib'vu'es  for  raising  water.     The  alternate  uciiimof 
tlie  swnpe,   tlie  janlu   and   viliruting  gutl^^r   thus  became  unintetnipteil 
in   tlie  iiiu-ia  and   tyni|)iinum — I  In-  inegulur  movement  of  the  cord  wid 
bucket  becjinie  uniform  in  the  chain   ard   pots;  and  so  did   the  motion  of 
the  pitcher  or  pail  as  used  by  hand,  when  suspended  to  the  rira  of  a  Per- 
sian wheel.     Atid  when  the  construction  of  machines  did  not  allow  of  a 
suitable  cha'isre  ii"-  form,  tliev  wi  re  often  woi'ked  by  cranks  or  other  sina- 
lor  nioveninnu ;  (of  this  several  examples  arc  given  in  preceding  pages?) 
but  in  no  liranch  of  the  arts   l.-is  this   preference  for  circular  movement* 
o  cr  sinught  oiie.»  i>e«>n  so  signally  exhibited  as  iu  ilio  numerous  rotaTJ 
pumps  ind  steatn  engines  I'liat  have  been  and  still  are  brought  forward; 
and  in  no  department  uf  machinery  has  less  success  attended  tlie  chiing*'- 
Most  of  these  machines  that  have  hilheHo  been  made  may  be  consider*?** 
as  failures;  lliis  result  is  consequent  on  ii. »  practical  dilliculties  altendLiig 
tlieir  construction,  and  the  rendering  of  thtia  durable.      These  ditlicultiea 
(•w/iich  will  appear  in  the  setpiel)  ari  to  a  certain  extent  unavoidable,  so 
that  tl,:>  prospect  of  superseding  cylindiical  pumps  and  slcam-cngines  M 
probably  as  remote  as  ever. 

At  an  early  stage  in  the  propress  of  the  irachines  last  named,  it  becani0 
u  desidei-aiuin  with  engineers  to  obtain  a  continuous  rotary  movement  ot 
the  piston  rod  in  place  of  the  ordinary  rectilinear  and  reciprocating  one, 
that  the  luige  "  walking  beam,"  crank  and  connecting  .shalt  might  be  di»- 
pcnsed  witn,  the  massive  Hy-whc--l  eilher  greatly  reduced  or  abandoDecl< 
and  the  pcwer  saved  that  was  consumed  in  ov.'- coming  their   inertia  and 
fricdon  at  "very  stroke   of  the  piston.     Reasoning  analogous  to  tliis  hwJ 
long  before  led  some  old  mechiuiicions  to  jrnv""f  the  motion  of  the  cnp»- 
mon  pump  rod   into   a  circular  one;  in  other  words,  to  invent  rotary  or 
rotatory  |)U)nps.      Uy  these   the   power  expended   in   constantly  bringing 
all  the  water  in  the  cylinder  and  suc:ion  pipe,  a'ternntely  to  a  state  of  rest. 
and  motion  was  saved,  because  the  Utjuid  is  kept  in  constant  motion  ii* 
passing  through   them.     The  sle.im  engine  was   not  only  originally  dc~ 
designed  as  a  sulislitute  for  puin]'.s  to  raise  water,  but  in  all  the  vnriety  t>t 
its  forms  and   modifications  it  has  retained  the  same  analogy  to  pumps  a^ 
these  have  to  bellows.    One  of  the  oldest  of  modern  rotary  fteam  engine** 
that  of  Miirdocli,  was  a  copy  of  an  old  pump,  a  figure  of  w»ich,  No.  13X» 
is  taken  from  Serviere's  collection. 

Two  cog  wheels,  the  teeth  of  which  arc  fitted  to  work  accurately  inC** 
each  otlier,  are  unclosed  in  an  elliptical  case.     The  sides  of  these  wheel* 
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lam  close  fo  those  of  the  case,  no  that  ^vater  cannot  onfcr  between  them. 
The  axte  of  one  of  the  wheels  is  continued  tliroug'h  one  side  of  the  case, 
(vrhifh  is  removed  in   the   figure  to  sliow  the   interior,)  and  the  opening 

fe  light  hv  a  stuffing  box  or  collar  of  Icatlior.  A  cniiik  is  applied  to  the 
,  end  to  turn  it,  and  as  one  wheel  revolves, 

^^  it  necessarily  turns  the  other;   the  direc- 

ICT  Hon  of  their  motions  being  indinited  by 

^K  B I  tlie  arn>ws.     The  water  that  enters  the 

^™         /'^■rK  lower  part  of  the  case  is  swept  ip  the 

Q  y     Mg    V  Q  .ends  by  each  cog  in  rotation,  and  as   it 

..-";^^'ii?^^j»|^-^^\  cannot  return  between  the  wheels  in  con- 

m  WBliirfBnlFV^        sequence  of  the  cogs  being  there  always 
■llB  jHHHL^^a      in  contact,  it  must  necessarily  rise  in  the 
i  1 1  I^^I^^Hn      ascending  or  forcing  pipe.  The  machine 

^■l^  M^^KKKr^l      '*  therefore  both  a  sucking  and  forcing 

^M^'  —-WT'^W^i/y        '"'^'     ^^  rotary  pumps  tliis  is  not  only 

^^    \2-^i:»^  ^^      ^^y  png  „(•  {),p   oldest,  but   one    of  the  best. 

!  ^&  ■'■it^Py' tJ"^  Fire  engines  made  on  the  same  plan  were 

^^B  ^^BgK  patented  about  twenty-live  years  ago  in 

^^H  Vv  Kiigland,  and   more  recently  jtumps  o\. 

^^^^^L  ^B  the  same  kind,  in  this  country.  We  have 

^^^^^B  ^i  seen    one  with    two    r)l>p(\cal    wheels, 

.    „  _         _       .       »     .  which  were  so  seareii   that  the  longer 
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axis  of  one  wlicel  might  coincide  (in  one 

pofilicm)  with  the  short  one  of  the  other.     Someiiines  a  groove  is  made 

along  (he  face   of  each  cog,  and   a  strip  of  leather  or  other  packing  se 

cured  in  it. 

The  piimp  figured  above  is  believed  to  have  been  known  long  before 

^^niere's  time,  a  model  of  it.  as  of  other  interesting  macliincs,  having 

be«n  placed  in  his  museum  without  regard  to  its  origin.      Ramelli  is  said 

to  Iwve  dcscrilied  some  similar  ones   m  the  middle  of  the  ICth  century, 

bat  we  have  not  been  able  to  procure  a  cony  of  his  book.     The  suction 

pifie  in  (he  preceding  figure  hns  been  added.     In  the  original  the  water 

entered  directly  tlirough  the  bottom  of  the  case  :  the  mofh-l  was  probably 

w  m:iii(;  iliat  pan  of  iIk'  wheels  might  be  visilile,  and  tlie  construction  and 

ojHirjiiun  of  the  machine  more  easily  conipreliended. 

Servicre  was  a  French  gendeman,  born  at  Lyons  in  1593.     Indepen- 

<ient  in  his  circumstances,  and  inclined  to  mechanical  researches,  he  was 

W  to  establish   a   cabinet  of  models   of  rare    and   curious   machines — of 

tliPsc  ionie  were  invented  by  himself  and  displayed  uncommon  ingenuity. 

't'!oes  net  appear  thai  any  Recount  of  the  whole  was  ever  published  ;   a 

part  only  beiii^  included  in  the  small  volume  editeu  ^y  his  grandson,  the 

tiile  of  which  we  have  given  at  the  foot  of  page  6.3.  Tr. -t  work  is  divided 

Into  three  parts:  the  first  i-elates  lo  figures  formed  in  the  lathe,  as  spheres, 

sabeg,  ellipses,   &c. ;  some,  being  hollow   and  containing  others   wilhin 

~*»t,  like  Chinese  balls,  are    extraordinary  specimens  of  workiniinship. 

*^ncre  are  also  vases,  urns,  &c.  not  only  round  and  elliptical,  but  angular, 

•"  thai  not  only  were   tlie  oval  and  eccentric  chucks  known  tc  Serviere, 

Jj'l  the  lathe  ^ut  turning  irregular  surfaces  appears  to  have  been  used  by 

"'•n.     Tlie  scconii  ])un  ccmtains  an  account  of  clocks  all  m;ul<'  by  liimself, 

""5  niecliunisrn   of  which  is   exceedingly  ingenious.     Some  are  moved  by 

iJPfU'g*,  others  by  weights,  water,  sand,  Arc.     They  are  fully  eipial  to  anv 

HMV'<i;  nf  the   kind  at   ihe  present  day  :  indee<l   that  boaulifiil   device   by 

^^B*}''!!  B  si.nall  brass  ball  is  made  to  traverse  backwards  and  forwards  across 

^^B  uiclincd  plane,  which  still  retains  a  place  nmonc  mantel  clocks,  is  one 
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nf  S^rvicre'a,  besides  several  inodiiications  of  it  equally  interesting.    Ona 
balf  of  tlie  third  part  is  occupied  with  descriptions  uf  niaihines  for  raising 
water:   those  con^ist  of  gutters,  swapes,  cliaui  of  pots,  gaining  and  losing 
buckets,  norius,  tympanums  and  other  wheels;  and  lastly,  pumps,  atnong 
which  is  the  rotary  one  figured  above.     Breval,  in  his  "  Remarks  on  Ea— 
r  )pc,"  part  ii,  ])iige  89.  mentions  several  machines  in  Sei-vierc's  "  fainoik^ 
cabinet  of  jiietiianltks"  that  are  not  noticed  in  the  volume  publi.ilict!  l>y 
his  gra..dson  ;   while  others  are   inserted  that  were  tkU  invented  tiU  aftc* 
his  death,  as  Du  Fay's  improvement  on  the  fym])anum. 

Roiary  pumps  may  be  divided  into  classes  accordnig  to   the   forms  r^i 
and  methods  oi' working  tbo  pistons,  or  those  parts  tliut  net  as  sui'h:  aiw  « 
according  to  the  various  modes  by  which  the  hutmcvt  is  obtained.     It  :^»J 
tliis  last  that  receives  the  force  of  the  water  when   impelled  forward  !»•     J| , 
the  piston  ;  it  also  prevents  the  liquid  from  being  sw(rpt  by  the  Initor  etn^ 
tirely  round  tlie  cylinder  or  exterior  case,  and  compels  it  to  enter  the  dit 
charging  pipe.     In  these  particulars  consist  uU  the  essential  difiVrence 
in  rotary  pumps.     In  some   the  buimcnts   are   moveable  pieces  that  ar 
made  to   draw   back   to  allow  the  piston  to   pass,  when   tliey  are  agai    -— *" 
protruded  till  its  return  ;  in  others,  they  are  fixed  and  ihe  pistons  ihcin^^"!- 
selves  give  way.     It  is  the  same  w  iih  the  latter  ;  tlicy  are  sometimes  pe~       "'"• 
Tnaiienlly  connected   to   the  axles  by  which  they  ore   turned,  nnd  soui^^m*- 

Hmes  thoy  are  loose  and  drawn  into   recesses  till   the  liuiments  pass  b Y. 

lu  uNiilhei-  class  the  pistons  are   reclangidar,  or   o'Jier  ijliaped,  pieces  ih  ill 

turn  oil  centres,  sniiicLliitig  like  the  vanes  of  a  horirontnl  wind  mill,  swee^y- 
iiig  the  water  with  their  bnmd  faces  round  the  cylindrical  case,  till  thi — '=^y 
approach  tluit  part  which  constitutes  the  butnient,  when  they  move  edg  -^a^— 

ways  and  pass  through  a  narrow  space  v.-hich  they  entirely  fill,  and  thereto ijS 

prevent  any  water  passing  with  iliem.  In  oilier  pumps  Jie  buimenl  is  f>  "Mt^ 
lamed  by  the  contact  of  the  periplierios  of  two  wheels  or  cylinders,  tl^  at 
roll  on  or  rub  against  each  other.  No.  131  is  o1"  tins  kind — wliile  I'S^je 
teeth  in  toiilact  with  the  ends  of  the  case  act  as  pistons  in  driving  iJbf 
water  before  them,  liie  others  are  fitted  to  work  so  closely  on  each  othau^er 
as  to  ]>revent  its  return.  The  next  figure  exhibits  another  modifica'icm  «i 
the  same  jiriiiciple. 

In  ISa.^i  .^lr.  J    Eve,  a  citizen  of  the  United  Slates,  obtained  s.  pete?ni 
in  England  for  a  rotary  steam-engine   and   pump.     No.  132  «-iIl  serve       tu 
explain  its  application  to  raise  water.  Within  a  cylindrical  case  a  solid     ".• 
hollow  drum  A  is  made  to  revolve,  the   sides  of  which  are  fitted  to  mo"»e 
close  to  those  ol  (he  case.   Three  projecting  pieces  or  pisliins,  of  I  he  MLyJie 
J     .width  as  the  drum,  are  seemed  to   or  cast  on    its  periphery  ;   they  arc       »t 
•***'^Sequal  distances  from  each  other,  and   their  extremities  sweep  close  rou  nd 
J^ tilt  inner  edge  of  the  case,  as  shown  in  the  figure?.     The  periphery  of  tJie 

r  drum  revolves  in  contact  with  that  of  a  smaller  cylinder  B  from  wbicrli* 
portion  is  cut  off  to  form  a  groove  or  rece.ss  sniliciently  deep  lo  rec^»ve 
within  it  each  piston  as  it  moves  j»ast.  The  diameter  of  the  small  cy- 
linder is  just  one  lliird  tlmi  of  the  drum.  The  axles  of  both  are  contin"*-!™ 
through  one  or  both  sides  of  the  case,  and  the  openings  made  light  *^"itli 
Btulfiiig  boxes.     On  one  end  of  each  axle  is  fixed  a  toothed  wheel  of      tiic 

7  mime  diamet<'r  as  its  respective  cylinder  ;  and  these  are  so  geared  into 
/A.  one  another,  that  when  l\w  crank  attjiched  to  the  drum  axle  is  turned,  (in 
the  direction  of  the  arrow,)  ihe  groove  in  the  small  cylinder  receives  sue 
cessively  each  piston  ;  thus  afiording  room  for  its  passage,  and  at  the  sorii- 
time  by  the  contact  of  the  edge  of  the  piston  with  its  curved  part.  p.-cveM- 
ing  water  from  passing.  As  the  machine  is  worked  the  wa;cr  that  en- 
ters tlie  lower  part  of  the  pump  tlirough  the  suction  pipe,  is  forced  wmi 
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ud  compelled  to  rise  in  the  discharging  one,  as  indicated  by  the  arrowa. 
Otk-r  pumps  of  the  same  class  have  such  a  portion  of  the  small  cylic- 
itr  cut  off.  th;it  the  concave  surface  of  the  remainder  forms  a  continuation 
of  lijp  case  in  front  of  tlie  recess  while  tlie  [listons  arc  ])assing;  anr!  Jiei 
i>y  a.  similar  movement  as  that  used  in  the  figure  described,  the  convex 
pux  is  brought  in  contact  with  the  peri|)hcry  of  the  drum  till  the  piston'a 
iWurn. 

All  rotary  pumps  are  both  sucking  and  forcing  machines,  and  are  gene- 
rally funiished  \vitli  valves  in  both  ]>i|ies,  as  in  the  ordinary  forcing  pump*, 
The  liutments  are  aiways  placed  between  the  apertures  of  tlic  suckmg 
«n»l  forcing  pipes. 


g 


if 
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fhere  is  anodier  class  of  pumps  thit  bears  sonMj  relationship  to  the  pre- 
w*.  un\: — the  elJext  brunch,  we  believe,  of  tlie  same  family.  One  of  these  is 
&«<<re(l  in  the  133rd  illustration:  the  butment  consists  of  a  curved  lap  diat 
tJiiu  on  a  hinge';  it  is  so  arratrged  as  to  be  received  into  a  recess  lonned 
on  till-  run  or  periphery  of  the  ca.se,  and  into  which  it  is  forced  by  the 
'■:«toii.  The  concave  side  of  the  flap  is  of  the  same  curve  as  the  rim  of 
i*ie  oa»e,  and  when  push)^d  back  forirj  a  |/arl  of  it.  Its  width  is,  of 
O'urso,  equn)  to  that  of  the  drum,  agaiiiist  the  rim  of  wlich  its  lower  edge 
>•  pressed  ;  this  is  effected  in  some  pumps  by  springs,  in.Athers  by  cams 
Wg  wheels,  »"fcf.,  fixed  on  the  axles,  as  in  the  last  on\P  The  force  by 
"'liich  the  IKip  li  urged  against  the  drum  must  exceed  the  pressure  oi 
"le  liijiiid  column  in  the  discharging  pij'e.  The  semiciiTuiar  pieces  on  the 
outer  edge  of  the  case  represent  ears  lor  securing  the  pump  to  planks  or 
pnnii'j,  &c.,  when  iii  use.  The  arrows  in  the  figivres  show  the  dircctiun 
'"  which  the  pinion  and  water  is  moved. 

Such  macliitiL'^  have  often  been  patented,  both  as  ptimps  and  steaiii- 
"•aiiii's.  In  17S2  Mr.  Watt  thus  secured  a  "rotative  engine"  of  this  kind, 
•ad  ill  1797  Mr.  Cartwnght  inserted  in  the  Bpecificatioii  of  his  metidlic  pis- 
*•"*  a  descriptioji  of  another  similar  to  Watt's,  except  that  the  case 
'"^'i  two  (laps,  and  three  pistons  were  formed  on  the  drukn.  In  ISiS  Mr. 
*l<»utledge  patented  another  with  a  single  flap  and  piitoii,  (Rc|i.  of  Arts, 
***'-  Xxxiii,  2il  series;)  but  the  princijile  or  [iromiitcnl  fealurc  in  all  these 
^«  been  applied  long  before  by  French  mechanicians.  Nearly  a  hun- 
■fed  years  Ijcfore  the  date  of  Watt's  patent,  Amnnlimii  comiiiiinicated 
**  the  French  Academy  a  descri])tion  of  a  rotary  [>uinp  substantially  the 
^'tne  as  represented  in  the  last  figure.  It  is  figured  and  described  in  the 
•  '^t  v<iluni<;  <if  Marliinu  Ajijirour.  p.  103  :  the  body  of  the  pump  or  case 
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IS  a  short  cylitidei,  but  the  piston  is  elliptical,  its  transverse  Jiamefcr  be- 
ing eminl  to  that  of  the  cylinder,  hence  it  performed  the  part  of  two  pisuint. 
Th  'rp  nre  also  two  flaps  on  opposite  sides  of  the  cylinder.  A  pump  noi 
unlike  this  of  Amontons,  with  an  elliptical  case,  is  described  in  vol.  iv, 
of  Nicholson's  Phil.  Journal  46G.  Several  similar  ones  have  since  be 
oroposed. 

In  other  pumps  the  flaps,  instead   of  acting  a<  bulments,  are  mode 
perform  the  part  of  jiistons  ;  this   is  done  by  hinging  them  on  the  rim 
tho  drum,  of  which,  when  closed,  they  also  form  a  part :  they  are  cloje 
by  passing  under  a  permanent  projecting  piece  or  butment  tliat  cKtem ' 
from  tlie  case  to  the  drum. 

In  No.  134  the  butment  is  movable     A  solid  wheel,  formed  into  th 
ppiral  wings  ihat  act  as  pistons,  is  turned   round  within  a  cylindrical  rns 
Tr.e  bu'.mcnt  B  is  a  piece  of  metal  wliose  width  is  equal  to  the  thirkne^^^i 

of  the  wings,  or  the  interior  breadth  of  tl   •  f 
cylinder :    it  is  madi    to   slide    through        < 
stuffing  box  on  the  toi   of  the  case,  and  t^j; 
its   UH'iglit  to   descend    and    rest  upon   tJ^j« 
wHngs.     Its  upper  part  lerminntes  in  a  ro«J, 
which,   passing  between   two    rollers,  pre- 
serves it   in  a   perpendicular  position.     As 
the   wheel    is  lurned,    tlie    point    of  encli 
wing,    (like   the    cogs   of    the    wheels  in 
No.   131,)  pushes  before  it  the  water  llitl 
enters  the  lower  jiart  of  the  cylinder,  and 
drives  it  through  the  valv^into  the  ascend- 
ing pipe  A  :  at  the  same  time  the  butment 
is  gradually  raised  by  iJie  curved  surface o( 
the  w^ing,  and  as  soon  as  the  end  of  the  lat- 
ter passes   under  it,  tlie   load   on   the  rod 
causes  it  instantly  to  descend  upon  the  next 
one,  which  in  its  turn  produce*  iJie  satno 
eflfect.     This  pump  is  as   old  as  the    IGth 
century,   and    probably  wiis   known   much 
ea'lier.     Besides   the    defects   common  to 
most  of  its  species,  it  bos  one  peculiar  to 
ttaelf : — ns  the  l.'Utment  must  be  loaded  with  weights  sufficient  to  overcome 
tlie  pressure  of  the  'ii]uid  column  over  the  valve,  (o'lierwise  it  would  itself 
be  raised  and  tlie  w.-Ker  would  nscnpe  beneath  it;)  the  power  to  work  this 
pump  ii  therefdre  .Tiure  llian    dimlile  the  iirnount  which    the  water   forced 
up  requires.     The  instrument  is  interesting,  however,  as  affording  an  il- 
lustration of  the  early  use  of  the  sliding  valve   and   stuffing  box  ;   and  a* 
conlnining  some  of  the  elements  of  recent  rotary  pumps  and  stenm-eiigine*. 
The  pump  represented  by  No.  135  consists  also  of  an  exterior  case  or 
iihort  cylinder  within  which  a  small  atul  solid  one  A  is  made  to  revolve.  To 
the  last  an  arm  or  piston  is  attached   or  cast  in  one   piece  with   it,  the 
sides  and  end  of  whii'h  are  fitted  to  bear  slightly  ii gainst  the  sides  and  rim  in 
the  case.  A  butment  B  B  slides  bnckwnnls  and  forwards  through  a  stuffing 
box,  and  is  so  arrangeil  (by  means  of  a  cam  or  other  contrivRnce  connected 
to  the  axle  nf  the  sm:ill  cylinder  on  the  outside  of  the  case)  that  it  can  be 
pushed  into  the  interior  as   in   the   figure,  and    at    the   proper  'ime   bo 
drawn  back  to  .ifford  a  passage  for  the  piston.     Two  opcnintrs  near  each 
other  arc  ma;le  tlirough  the  case  on  opposite  sides  of  13  B,  and  to  these  tl»« 
suction  and   forcing  pipes   are  united.     Thus  when  the   piston  is  i.'oved 
in  the  direction  of  the  arrow  on  the   small  cylinder,  it  pushes  tlie  watet^ 
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'diore  it,  a  id  the  vacuity  forme<]  )>e}iin<l  is  instantly  fillcil  with  fifsh  por- 
ioiis  driven  up  the  »uction  pi[>e  by  the  atnuispherc  ;  and  when  tlio  jii-tlon 

IB  il5  course  "lesc^p.Is  pas*.  B  R  it  sweep*  this  water  up  the  miw  wny. 

Pntnah  and  L"  ckervccn  ai-ptcd  u.  modification  of  this  machine  iii  17'.I0,  iv 
X  Mcoin-cug'.no  and  also  is  ^  pump.      Rep   of  Arts,  vol.  ii,  73. 
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No.  130  represents  another  rotary  engine.  A  figure  of  it  is  iiisiTtcd  .'it 
Mlher  because  it  was  reinvented  iiere  a  few  years  ago  I'y  a  mechanic  who 
uas  Ideally  dislresied  on  finding  that  he  had  ••cer.  anticipated.  A  notice  ol 
it  m:iy  -hereforc  prevent  others  from  e.xi)cncnciiie  a  snmlar  disappoint- 
ment.  »*ike  mcji  others  it  consists  of  two  concentric  cylinders  or  druras,/T '^ 
the  annular  space    l>et\veen   them  forming  ths  pump  chamber;  but   the  j 

inner  ti.i,  instead  of  revolving  as  in  the  j.ff  coding  figures,  is  immovable,  D***' 
lieing  G.T-:d  to  the  sides  of  the  outer  one  or  ;ase.  Tlio  piston  is  a  rectan-  ^  *» 
gular  ojiil  looie  piece  of  brass  or  other  metal  accurately  fitted  to  occupy  "*  * 
i>.d  move  in  the  spaci  between  the  two  cylinders.  To  drive  the  piston, 
•nd  at  the  sa:'io  time  to  form  a  butinenLbetwecn  the  orifices  of  the  induc- 
iWfi  and  eduction  pipes,  a  third  cylinileris  employed  to  which  a  revolvii-g 
Ipotion  is  un|):irte<l  by  a  crank  and  axle  in  t)ie  usual  way.  This  cylinder  is 
teoentrio  to  the  others,  and  i.^  of  such  a  diameter  and  tJiickness  ll.it  its  in- 
•jerior  and  exti^rior  a-irfaces  touch  the  inner  and  outer  cylinders  as  repre- 
•ented  in  I  he  cut,  the  places  of  contact  preventing  water  from  passing  : 
a  slit  or  groove  cijuil  i'l  width  to  the  thickness  of  the  piston  is' made 
through  It*  periphery,  inti  which  slit  the  piston  is  placed.  When  turned  in 
the  direction  of  the  large  arrow,  the  water  in  tlie  lower  part  of  the  pump 
is  swept  rou.id  and  forced  uj  the  rising  pipe,  and  the  void  behinc*  the 
piston  is  B^iin  filled  by  waterflToni  the  reservoir  into  which  the  lower 
pipe  is  inserted.  'I'his  machinLwas  originally  desigiiL-d,  like  most  rotary 
pumps,  for  tt  steam  engine.  It  was  patented  -.n  England  by  Mr.  John 
Trotter,  of  London,  in  1805,  and  is  'escribed  in  the  Repertory  of  Arts, 
vol.  ix,  2d  series.  As  a  matter  il  -.ouise,  he  cotit','mplatcd  its  ajiplication 
to  raise  water  : — "  The  said  engins  [he  observes]  may  l>e  used  to  raise 
or  give  motion  to  fluids  in  any  directK  n  whatever." 

In  others  the  pistons  slide  within  a  revolving  cylinder  or  drum  that  it 
concentric  witli   the  exterior  one.     No.  137  is  a  specimen   of  a  French  ,^— 
pump  of  this  kind.     The  bumignfin  the  form  of  a  spgmcnt  is  secured  to  y\  ^ 
the  inner  circumference  of  the  ca.se,  and  the  drum  turns  against  il  at  the 
centre  of  the  chord  line :  on  both  sides  of  the  place  of  contact  it  Is  curved  to 
Ute  extremities  of  die  arc,  and  tli^*  sucking  and  forcing  pipes  comuiunicAte 
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with  ihe  pump  tliruugh  it,  as  representfd  in  the  figu.-v.  Tr,  ,he  ccwr*  of 
one  or  both  ends  of  the  ciise  is  screwed  fast  a  thick  v.ece  of  \inss  vbiK 
outline  resembles  that  of  tlio  letter  D:  the  flattened  siJe  is  place.:  lowanli 
the  l»utm'':it  and  is  so  formeil  that  the  same  distance  is  preserveil  bnween 
It  and  llij  opposite  purls  of  tlie  butment,  as  between  its  convex  s-,i.iace»iK! 
the  rim  of  tlie  case.  Tlie  pistons,  as  in  the  last  ngure.  are  rectanenK' 
pieces  of  stout  metal,  and  are  droppc  into  sli^  7T».le  0:r..ugh  the  rirr  4 
the  drum,  their  length  bcinp  ecjunl  '..-  hat  of  ih'i  cii«e,  and  their  width  ta 
the  distance  lietween  its  rim  an '  t.ie  D  piece.  They  are  moved  b»  i 
crank  attached  to  the  drum  axle.  Ta  lessen  the  friction  and  cumpensUe 
for  the  wear  of  the  butment,  that  pwt  of  the  latter  a^nst  which  the  unuu 
turns  IS  sometimes  made  hollow  .  i  piece  of  brass  is  let  into  ii  tiJ 
pressed  against  the  periphery  of  .he  drum  by  a  spring. 


No.  138. 


In  No.  138  the  axis  of  the  drum  or  '^mailer  cylinder  is  so  placed  m  'o 
.-aiise  its  periphery  to  rub  a^nunst  the  mner  circura'erence  of  the  c<u*. 
Two  rectangular  pistons,  whose  length  are  equal  to  the  infernal  diaitiu- 
ter  of  'he  case,  cross  each  other  at  right  angles,  being  notched  so  at  to 
a'low  them  to  slide  backwards  and  forwards  to  an  extent  equal  to  die 
widest  space  between  the  two  cylinders.  The  case  cl'  this  putnp  is  nrt 
perfectly  c'tindrical,  but  of  such  a  form  that  the  four  ends  of  the  piitoM 
are  always  in  contact  with  it.  An  axle  on  I'lO  drum  i»  moved  by  a  ctank. 
This  pump,  and  another  similar  to  it,  were  described  in  Brumah  wid 
Dickenson  s  i>atenl  for  three  rotative  ttenm-ciu  ivcs  in  1790.  Rep.  of  Arti. 
vol.  ii,  S,5.     Fire  engines  have  been  made  on  tlic  some  iirinciple. 

Another  rloss  of  rotary  pumps  have  their  pistons  made  somewhat  likd 
the  vanes  of  wind  mills.  They  were  originally  desigred  as  ctetmcncinei, 
and  were,  if  we  mi.srulce  not,  first  introduced  by  Hornblower,  in  the  UtKT 
part  of  the  last  cer.tu-y.  He  employed  four  revolving  vanes  which  were 
no  arrangfd  that,  w'.iilo  one  passed  edgeways  through  a  narrow  cavity 
which  it  tilled,  the  opposite  one  presented  its  face  to  the  action  of  it* 
(team.  These  mac'.::  ■.C3  iiave  been  variously  niodifiod  as  pumps,  but  ge- 
nerally speaking  they  are  more  complex  and  of  course  more  liable  to  de- 
rangement than  others:  v,;  htve  knovn  two  of  them,  fifteen  inches  dia- 
meter and  apjmrently  wed  made,  (at  a  cost  of  150  dollars,)  which  a  frieiiii 
used  to  force  water  to  an  elevation  of  twenty  feet,  become  deranged,  anii 
thrown  aside  as  useless  in  the  course  of  three  or  four  weeks. 

A  ceritrifugal  forcing  pump  may  be  made  by  enclosing  the  arms  of  m 
Mmiispheric  one,  (such   as   r-'prcseiitcJ   at  No.  96,  page  ^9,)  in  a  cU>»r 
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dnim  or  esLse,  to  which  an  ascending  or  forcing  pipe  ia  8tTac1it'd:  thu 
water  would  rise  llirougli  die  pipe,  provided  the  velocity  of  the  urm«  wa* 
increased  according  to  the  elevation  of  its  discharging  oririce.  In  pluce  oi 
lubiilitr  arms,  two  or  more  vanes  radiating  from  a  vertical  axis  and  turned 
rapidly  in  tliu  case  would  produce  the  same  effi;ct ;  the  suction  pipe 
Iwrng  connected  to  the  bottom  at  the  centre  and  the  forcing  pipe  lo  the 
nm  or  the  top.  Such  pumps  are  ir.  their  construction  simpler  tlian  other 
Mury  ones,  besides  wliich  no  particular  accuracy  is  required  in  Httiiig 
tliinr  working  parts ;  nevertheless,  they  are  as  lia'tile  to  derangement  as 
ulliern,  for  the  velocity  required  lo  be  given  to  the  arms  is  so  great,  that 
■lie  teeth  of  the  wheels  and  pinions  by  which  motion  is  transmitteii  to  thotn 
•fe  soon  worn  out. 

Centrifugal  pumps  like  those  just  described  have  been  tried  as  substi- 
tute* for  pidille  wheels  of  steam-vessels :  »'.  e.  the  wheels  were  con- 
verted into  such  pnmps  by  inclosing  them  in  cases  mnde  air-tight,  except 
«I  the  bolloin  through  which  tlie  ends  of  the  paddles  slightly  projected  ; 
a  larsfo  Buction  pipe  proceeded  from  one  side  of  each  case  (near  its  cen- 
tre) dirough  the  bows  of  the  vessel  and  termniuicd  below  the  water  line: 
hy  the  revolution  of  the  wheels  water  was  drawn  through  these  tubes  into 
the  coses  and  forcibly  ejected  below  in  the  direction  of  the  stern,  and  by 
Uit"  reaction  moved  the  vessel  forward. 

It  must  not  be  su|)posed  that  the  preceding  observations  include  an  ac- 
count nf  all  rotary  pum]>s.  We  have  only  particularized  a  few  out  of  a 
grea!  tnultimde,  such  as  may  serve  as  types  of  the  various  classes  to  which 
ihey  lielong.  Were  a  detailed  description  given  of  the  numerous  forms 
of  these  machines,  modes  of  operation,  devices  for  opening  and  closing  the 
valves,  moving  the  pistons,  diminishing  friction,  compensating  for  the  wear 
of  certain  parts,  for  packing  the  pistons,  &c.  izc,  those  readers  who  are 
not  familiar  with  their  history  would  be  surprised  at  the  ingenuity  dis- 
played, and  would  he  apt  to  conclude  that  all  the  sources  of  mechanical 
comliinaticms  had  been  exhausted  on  them.  We  would  advise  every 
mecliunic  wlio  thinks  he  has  discovercil  an  improvement  in  rotary  pumps, 
carefully  to  examiue  the  Repertory  of  Arts,  llie  Transfictions  of  the  So- 
ciety of  Arts  the  London  Mcchunics'  Magazine,  and  particularly  the 
Journal  of  the  Franklin  Institute  of  Pennsylvania,  before  incurring  the 
expenses  of  a  patent,  or  tliose  incident  to  the  making  of  models  and 
experiments. 

Koiary  pumps  have  never  retained  a  permanent  place  among  machines 
for  niisiiig  water :  they  are,  as  yet,  (oo  complex  and  too  easily  deranged 
to  be  adapted  for  common  use.  Theoretically  considered  they  are  (ler- 
fecl  machines,  but  the  practical  dilficukies  attending  llicir  construction 
have  h''4ierto  rendered  them  (like  rotary  steam  engines)  inferior  to  others. 
To  make  them  efficient,  their  working  parts  require  to  be  adjusted  to  each 
other  with  unusual  accuracy  and  care,  and  even  when  this  is  accomplished, 
their  efficioncy  is,  by  the  unavoidable  wear  of  those  parts,  speedily  dimi- 
nished or  destroyed  :  their  first  cost  is  greater  than  that  of  common  pumps, 
anil  the  expense  of  keejnng  them  in  order  exceeds  that  of  others ;  they 
cai-not,  moreover,  he  repaired  by  ordinary  workmen,  since  peculiar  tools 
%.m  required  for  the  purpose — a  farmer  might  nimost  as  well  attempt  to 
rep.iir  a  watch  as  one  of  these  machines.  Hitherto,  a  rotary  pump  hn": 
liern  like  the  Psalmist's  emblem  of  human  lifu  : — "  Its  days  arc  as  grass, 
as  a  fiosver  of  the  field  it  flouiishcih,  the  wind  [of  experience]  passeth 
over  it.  and  it  is  ^o»c."  Were  we  inclined  to  j)rophecy,  we  should  pre- 
dict that  ill  the  next  century,  as  in  the  present  one,  the  cylindrical  pump 
vlH   retain  its   preC-ininence  over  all  otlicrs  ;  and  that  niakerg  of  the  onh 
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nary  wooden  ones  w\\   tlien,  aa  now,  ilcFy  all  altempu  to  supersede  the 
olijecl  oflheir  niuiiulac  ture. 

Kf.ciprocatino  rotakv  pumps: — One  of  die  obstacles  tobe  overco)ne 
\i,  making  a  rotary  pump,  is   llic  passage  of  the  pislun  over  the  buluient, 
or  over  the  space  it  orcupies.     'I'lie  ajipai-atus  for  moving  ihe  butment  at 
the  piston  approaches  to  or  recedes  from  it,  adds  to  the  complexity  of  iho 
machine ;  nor  is  this  avoided  when  that   part  is  fixed,  for  an   eqiiivaleul 
movemetit  is  then  re<]uired  to  be  given  to  the  pi^'ton  itself  in  addition  tc 
its  ordinary   one.     In   reciprocating   rotary  pumps  tliese  diflicultics  are 
avoided  by  stopping  the  ]>i!ilon  when  it  arrives  at  one  side  of  the  butmcnt 
and  then  reversing  its  motion  towards  the  other;  hence  these  are  less  com- 
plex than  the  Conner  :  they  are,  however,  liable  to  some  of  the  same  objec- 
tions, being  more  expensive  than  common  pumps,  more  difficult  to  repair, 
and   ujion   the  whole   less  durable.     Their  varieties   may  bo  included  in 
two  classes  according  to  the  construction   of  t]ie  pistons  ;  those  that  ar 
furnished  with  valves  forming  one,  and  such  as  have  nonejthe  otlier.  Tht^ 
range  of  tlie  pistons  in  these  pumps  varies  greatly;  in  some  the  arc  des- 
cribed by  them  does  not  exceed  90^,  while  m  others  they  make  nearly  ^ 
cony>lete  revolution.     They  are  of  old  dale,  various  modifications  of  thcn^ 
having  been  proposed  in  the  16th  century.     No.  139  consists  of  a  clos^ 
case  of  the  form  of  a  sector  of  a  circle,  having  an  opening  at  the  bottot= 
for  the  admission  of  water,  and  another  to  which  a  forcing  pipe  with  ics 
valve  is  attached.     A  movable  radius  or  piston  is   turned  on  a  centre  \>-    - 
a  lever  as  represented  ;  thus,  when  the  latter  is  pulled  down  towards  tl^ , 
left,  the  former  drives  tlie  contents  of  the  case   through  the  valve  in  tha< 
Mcending  pipe. 
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Belidor  has  described  a  similar  pump  in  the  first  vohimo  of  his  Arch. 
HydrHiii.  379.  The  case  is  a  larger  portion  of  a  circle  than  that  of  No. 
139,  and  the  piston  is  furnished  with  a  valve.  A  pump  on  the  same  pnn- 
ciple  was  adopted  by  Bramnh  as  a  fire-engine  in  1793  :  His  was  a  short 
cylinder,  to  the  movable  axle  of  which  two  pistons  were  attached  thai 
extended  ijiiilo  across,  and  had  an  opening  covered  by  a  clnck  in  each. 

No.  140  consists  of  a  short  horizontitl  cylinder :  a  portion  of  the  lower 
part  is  separated  from  the  rest  by  a  plate  where  the  suction  pipe  termi- 
nates in  two  o})enings   tha:  are  covered  by  clacks  c  c.     The  partition  A 
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^irongh  the  entire  length  of  the  cylinder  and  is  made  air  and 
{ht  to  hnih  eiijj,  and  also  to  tlic  plate  upon  wliicli  its  lower  edge 
,  he  upper  edge  pxteiuis  to  the  under  side  of  llie  axle  to  which 
ti  B  is  united.  One  end  of  the  axle  is  passed  tjiroiigh  the  cylin* 
the  ojwiung  made  tight  hy  a  stuthng  box  ;  It  is  moved  hy  a  crank 

Nvor  the  clacks  c  c  two  other  openings  are  made  thi'ough  flie 
which  two  forcing  pijios  are  secured.  These  tubes  are  bent 
e  outside  of  the  cylinder  and  meet  in  the  chamber  C  where  their 
Ve  covered  by  clacks.  Tluis  when  the  piston  is  turned  in  either 
I,  it  drives  the  water  before  it  through  one  or  other  of  these  tubes; 
line  time  the  void  left  behind  it  is  kept  filled  by  the  pressure  of 
sphere  on  the  surface  of  the  liquid  in  ^vhich  the  lower  orifice  o«' 
bn  pipe  is  placed.  The  edges  of  the  pistons  ore  made  to  work 
tlie  euiU  and  rim  of  the  cyhnder  by  means  of  strips  of  leather 
g^lhem.  Modifications  of  those  jmraps  have  disc  been  used  in 
j^M  re -engines. 

rneating  rotary  pumps  have  sprung  up  ut  different  times  both  here 
Iiliitpc,  and  have  occasionally  obtained  "  a  local  habitation  and  a 
>nt  nave  never  become  perfectly  domesticated,  we  believe,  in  any 

We  have  seen  some  designed  for  ordinary  use  that  'Were  cle- 
iii^hcd,  and  decorated  with  gilding  and  japan — tliey  respinbleJ 
Btx!  plants  which  require  peculiar  care,  and  are  ratlier  for  orna- 
t.  for  use. 

(vh-ariiig  rotary  pumps  have  also  been  proposed  as  steatn-engines. 
tented  one  in  1783. 
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*  pvttfi*  in  modarD  walcr.worlcii:  Fir4  uacft  l>y  llir!  (tiirmnnr^WNler  works  •!  At>|«- 
ir^wwit— Sitiirutnr  mtlrotd  rit  l}ir  tnllrr  city — Old  WNlt>r-w<irtt^  ul  'I'dlcdu^At  l.tiudini  brtilg* 
nilua  <*urk«  ffl»v««l  tiy  liorvRs,  water,  wiiiil  Bad  rteam — Wulrr  r>iiirliio  ■(  Ranti^r— Water 
ril  ml  PamI  N<*uf  U)«l  Poitt  Ntiirn  t>«mri  ol  Paris — f»i>lirul»>l  u  ork^  nl  SLtrl) — Knor  n(  Rau- 
U(in|F  titrra  uiinrcMfearily  4:»mt>lrx.  Aliifrican  witirr-unrkR:  A  liiotnry  or  llisin  (Ifpiratile— 
(  or^uiiifia  Into  wclU  III  .NVw'Vt'rk  ctty — t^xlracu  rroiii  tlitf  iniiiiilfK  of  tlii*  (Tniiiiniiii  Coiiuctt 
Uii^  war  of  lnil«|ieuilriice — Public  water-work*  pro|>oiC(l  and  ciitiniieiircd  in  1774 — Trwa- 
laauad  to  ni«et  Um  ■tjMoae — Cnpy  of  oue — Maiiliattao  C»in|iiiiiy  -Wnter-aorka  al  Pair 
Mlvlphla. 

ir  noticinc  another  and  a  different  class  of  machines,  we  propove 
y  this  and  the  two  next  chapters  with  observations  on  the  eni- 
t  of  pumps  in  "  water-works,"  and  as  engines  to  extinguish  fires 
II  this  country  and  in  Europe. 

ydratilic  machinery  for  supplying  modern  cities  with  water  p^ene- 
isists  of  a  series  of  fiircinsf  piiinps  very  similar  to  the  machine  of 
I,  (No.  120;)  and  when  em|tlov«»d  tti  raise  water  from  rapid 
or  where  from  tides  or  dams  n  sufficient  cuiTent  can  be  obtained, 
:ed  like  it  by  under  or  by  overshot  wheels  An  account  of  old 
n  water-works  is  an  important  desiderntum,  for  it  would  throw 
the  hiitory  of  pumps  in  the  middle  aires,  during  which  little  or 
respecting  them  is  known.  The  older  cities  of  Germany  were  the 
lotlcni  days  that  adopted  them  'o  raise  water  for  public  purposes 
'-i»r  constnicfion,  materials,  and  applicniiivi  cnder  various  circum 
"  ive  no  information  in  detail.     Ilivius,  in  his  Commentary  or 
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the  niichine  of  Ctesibius,  upouka  of  pumps  worked  by  wu'of  ■xbeels  lu 
then  comm;.!..  (A.  D.  1543;     The  hydrauiic  engines  nt  Av^nhuriih  were 
at  one  liniP  grcaily  cplebr-.'.ci.     Tiicv  are  mentioned,  but  not  dc«criiied, 
by  Misson  and  other  travelers  ••filie  17tli  century.    They  raised  the  waier 
130  feet.     Bluinvillc,  in  1705,  tipetiks  ol'  them  as  among  the  curiosities  of 
the  city.  He  o})serves — "  Tlie  tf)werj  which  furnish  water  to  this  city  are 
also  furious.     They  are  near  the  srnte  called  the  Red  Port,  upon  a  branch 
of  tJi«  Litck  which  nins  through  the  city.     Mills  which  go  day  and  nJgii.", 
by  means  of  this  torrent,  wc.  k  a  great  many  pumps,  which  raise  water  in. 
lai^o  leaden  pipes  to  the  highest  story  in  tlieso  towers.     In  the  middle  ofi 
a  chamber  on   each  of  ihem,  '.vhich  is  very  neatly  and   handsomely  ccil- 
itig'd,  is  a  reservi'ir  of  a  hcxiigonal  figure,  into  which  the  water  is  curried 
by  a  large  pipe,  the  extremity  of  which  is  made  like  a  dolphin,  and  through 
an  urn   or  vase  held   by  o   statue  sitting  in  the  middle  of  the   reservoir 
One  of  these  tow/rs   sends  water  to  all   the  jniblic  fountains   by  sroaliei 
pipes,  and  llie   three  others  supply  with  water  a  thousand  houses  in  the 
city  ;  each  of  which  pays  about  eiglit  crowns  yearly,  and  receives  a  hun  - 
dred  and  twenty  prcuy  large  measures  of  water  every  hour.''      Traveli*^ 
vol.  i,  "^50.  Misson's  Travels,  5  cd.  vol.  i,  137. 

Contemporary  widi  the  engines  al  Augsburgh  was  one  at  Bremm  iliar 
in  mentioned  by  several  writers  of  tlie  17ih  century.  It  was  erected  on 
ope  of  the  bridges  and  moved  by  a  water  wheel  :  it  raised  water  into  a 
reservoir  at  a  considerable  elevation,  whence  the  liijuid  was  d  stributed 
to  dll  jiuls  ul"  the  city.  An  old  author  when  speaking  of  it,  inei.'Jons  an 
V»viL»».'i»<»U,''jdt'oid  in  Bremen,  a  sjiecies  of  mechanism  for  which  she  Germans  were 
^^^-  at  one  time  famous.  At  the  entrance  of  the  arsenal,  he  observes,  "  stundt 
the   figure   of  a  warrior  arm'd   capa-pe,  who,  by  mechanism    under  the 

"  his  helmet 'with 
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"''\_Stcps,  as  soon  as  you  tread  on  them,  lilus  up  the  bever  of 

"^/",  his  truncheon  to  salute  you." 

'*'  There  was  also  a  celebnited  wrater-engine  at  Toledo,  the  former  capital 
of  Spp',-i.  It  niised  the  water  of  the  Tngua  to  the  top  of  the  Ak-nzar,  t 
magnificent  palace  erected  on  the  summit  of  the  declivity  on  which  the  cilv 
built ;  the  elevation  being  "  five  Imndred  cubits  from  the  surface  of  the 
river."  What  the  pariiculiir  construction  of  tliis  machine  was  we  have 
not  been  able  to  ascertain,  nor  whether  it  was  originally  erected  by  the 
Moors  wh.o  built  the  puliice.  It  is  mentioned  by  ^Io^e^i  as  a  "  woiiiferful 
hydraulic  engine  which  draws  up  the  water  from  the  river  Tagus  to  so 
g.eat  a  height,  that  it  is  thence  conveyed  in  pipes  to  the  whole  city  ;"  but 
\n  the  L.iddle  of  the  hist  century  (I7.'51)  the  author  of  the  Grand  Gajelle*??, 
or  Top'>grBphic  Dictionary,  remarks  (page  12S9)  that  this  "  admirable 
engine"  was  then  "  entirely  ruined." 

Tlie  introduction  of  pump  engines  into  the  public  water-works  of  Eng- 
land nnd  France  is  sufficiently  ascertained.  This  did  not  take  place  nil 
long  after  'hey  jiml  been  employed  in  Germany  ;  and  both  London  and 
Paris  were  indebted  to  engineers  of  that  country  for  the  first  machines  to 
raise  water  from  the  Thames  and  the  Seine.  Previous  to  their  introduc- 
tion, cities  w«>ix'  commonly  supplied  from  springs  by  means  of  pipes.  A» 
early  as  A.  D.  123G,  the  corporation  of  London  commenced  to  lay  a  six 
inch  leaden  pipe  from  some  springs  at  Tyburn,  a  village  at  that  time  some 
miles  distant  from  the  city.  This  is  supposed  to  liave  been  the  first  at- 
tempt to  convey  water  to  that  city  through  pipes,  and  fifty  years  el.ips«d 
before  the  whole  was  completed,  Thesa  ijipes  were  formed  of  sheet  Jctul 
and  the  seams  were  soldered  :  pan  of  them  was  accidentally  discov»?r^ 
in  174.5  while  making  some  excavaiioT*.  and  another  portion  in  176.5.  (Loa 
don  Mag.  tiir  176.5,  p.  377.)     In  1439  Uie  abbot  cf  Westminster,  in  wfaof* 
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t"«  risht  of  the  »oU  was  vested,  grunted  "  to  Roi)ert  Large  the  mayor  and 

'  '       ;i  of  London,  and  tlieir  succe*sors,  one   head  jroservoir]  ol'  water, 

ijiis;  twciily-six  perclit-s  in  leiiglh  and  cmp  in  l)rcadlh,  togi.-iher  with 

*"  iti  »)iring8  in  tlie  manor  of  Paddinjjfon  :  in   considrraiion   of  which 

S"«nt.  the  city  is  for  ever  lo  pay  lo  tlie  said  ahl)ol  or  his  successors,  at  the 

fr'tstnfSL  Peter,  two  prjijier  corns."   Tliis  grant  was  continned  by  Henry 

'  I.  who  at  tlie  same  time  aiithorizod  tlie  in;iyor  and  filizi.'ns,  liy  a  writ  of 

"»o  jifivy  seal,  to  purchase  two  hundred  folliers  of  lead  "  for  the  intended 

''^*^t-k«  of  pipes  anil    conduits,  and    to   impress  plundjers   and    labourers." 

^O.illand's  HisL  of  London,  pji.  48.  107. 

I n  die  33d  year  of  Henry  V  111,  the  mayor  of  the  city  of  Glm-cxlrr,  with 

"*«*  dean  of  the  church  there,  wei-e  authorized  to  "  convey  waler  in  pi|ie8 

*•     lead,  glitters  and   trenches"  from  a  neighbouring  hill,  "satisfying  tiio 

'*'^^neri  of  the  ground  there  for  the  digging  tlieieof."*     In  the  following 

y^^r,  liie  mayor  and  burgesses  of  Pvo/e  were  audioriwd   to  erect  a  wind 

*^^II  on  t/ie  king's  waste  ground,  and  a  conduit  head  sixteen  feet  st]uare, 

and  to  dig  and  draw  [water]  in,  by,  through  and  u])on  all  places   meet 

^Xjd  conveiuent,  into  and  from  the  same,  &c. — yielding  yearly  to  the  king 

*ktid  liis  heirs  one  pepper  corn."'*  It  would  appear  that  the  reservoir  was  in 

too  low  a  situation  lor  its  contents  to  flow  through  pipes  to  the  town,  and 

Wncr  the  wind  mill  to  raise  it  sutficienlly  for  that  ptirposc.     The  machine 

•i<ed  was  probably  the  chain  of  pots,  which,  as  remarked  pnge  12.0,  was  at 

that  lime  often  employed  in  such  cases.     In  the  .35th  of  Hom-y  V'lll.  the 

oorponilion  of  London  was  authorizod  to  draw  water  through  pipes  I'roni 

Varii'us  villages  and  other  places  within  live  miles  of  the  city,  and  for  ihi« 

f>urpose   to  enter  any  grounds  not  enclosed  with  "  stone,  brick  or  ir.ud 

widls,  atid   tliere  to  dig  pits,  trenches   and   ditches  ;  to   erect  heads,  lay 

pipes,  and  make  vaults  and  misjiirah,"  tec.  Two  years  afterwards,  (A.  L^ 

154(>,)  a  law  was  passed  by  which  those  who  destroyed  conduit  heads  ar..i 

pipes,  wore  nut  to  deatli.*     In  15-17.  William  Lnmb  ooiiveycd  water  in  a 

leaden  pipe  from  a  conduit  or  spring,  which  still  bears  his  name."' 

In  1582,  the  first  pump  machines  were  used  in  London.  In  that  year 
Peter  Maurice,  h  German  engineer,  pro])Osed  to  erect  a  machine  on  the 
Thames  for  the  more  effectual  supply  of  the  city,  "  which  being  approved 
of.  he  er'icted  the  same  in  the  river  near  London  bridge,  which  by  suction 
and  pressure,  through  pumps  and  vnlves,  raised  WHter  to  such  a  heiuhl  as 
to  supply  tlie  uppernicist  rooms  of  the  loftiest  buildings,  in  the  highest 
par"  'if  the  city  therewith,  to  the  creat  admiration  of  all.  This  curious 
rnacl.'ij'-  ihr  first  of  the  kiiul  Ihat  crer  irm  seen  in  E/ig/'iml,  was  so  hiijliiy 
approved  f>f.  iIiHt  the  lord  mayor  ami  common  council,  as  an  cncounigi- 
ment  for  the  ing'mious  engineer  to  proceed  in  so  useful  an  undertaking, 
granted  him  the  use  of  one  of  the  arches  of  London  bridge  to  place  hii 
rngine  in,  for  the  :>etter  working  thereof."*  Maurice's  engine  consisted 
of  a  scries  of  forcing  pumps  (similar  to  Nos.  118  and  121)  seven  inches  in 
dmmctcr,  ai;d  the  pistons  had  a  stroke  of  thirty  inches;  they  were  worked 
tv  an  undershot  wheel  that  was  placed  under  one  of  the  arches  and 
turned  by  the  current,  during  tlie  rise  and  fall  of  the  tide  ;  the  water 
was  raided  to  an  elevation  of  12U  feet.  The  number  of  pumps  and  wheels 
w«?  subsequently  increased  ;  hut  in  1822,  wlien  the  old  bridge  was  taken 
down,  the  whole  were  removed.' 

Two  years  liefore  Maurice  unJertcok  to  raise  water  from  the  Thames, 
SU'W  says — "  (^:ie  Kusse!  projioie.i    to   bring  water  from  Isleworth.  viz  : 

•  Stfttutcs  si  Urae.  Lon.  It»';l.    ^'•oiti.    Mind.     '  Mnilliitid.  I.W.    •  IblJ.  !tiO. 
'  4  de«crii>lion  of  the  LonHmi  Briiles  Waler-wnrk«.  hy  Beighlun.  loiiy  be  seen  in  die 
Pkilon.  Trans,  vol.  vi,  35^,  and  lu  Ueasguliers'  Pliilus.  ii,  f.'a. 
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till?  rivcf  TJxbiulj^e  to  llio  Kiid  north  of  LoiiJon  ;  aiul  ihnt  \  y  h  gcointlmxH 
lAftrvmrnl :  he  propoiimlfd  the  iiivcnlioii  to  Lord  Buiielyh."  In  1594, 
Uevis  liuhntT,  an  KiigUsh  engineer,  undertook  to  supply  a  btnall  liistriet 
of  the  city  with  Thuiiics  water,  which  lie  raised  by  lour  pumps  ihut  wore 
worked  by  horses,  'llit-y  were  continued  in  use  till  the  lime  llial  Wnjl- 
laiid  commenced  his  history,  viz  :  to  1725.  The  pumps  of  other  Limtimi 
works  were  moved  iiy  hor.ses,  i)y  wind  mills,  and  others  by  the  ciirppiit 
of  die  common  sewer.*  About  llie  year  1767,  one  of  Newcomen's  6teain« 
engines  wa.s  erected  at  the  London  bridge  works  to  raise  water  at  neap 
tides,  and  also  aa  a  security  agairist  fire  during  the  turning  of  iLe  (idf, 
when  the  wiieels  were  conseriuently  at  rest.  A  company  was  iti<or]i.>- 
rated  in  1691  to  stipply  tiie  neighbourhood  of  York  Huiidings  with  Tliuiuii 
water;  Newcomen's  engines  were  employed  ;  and  the  pumps  bail  soliu 
plungers,  one  of  wliicli  we  liave  figured  and  described  at  page  27ii— 
Maitland  enumerates  llieni  among  other  causes  of  the  company's  euibaiross- 
ments  :  "  the  directors,  by  purchasing  estates,  erecting  new  water-worki 
[new  machines  for  raising  water]  and  other  pernicious  projects,  have  almost 
ruined  the  corpontlion ;  however,  their  chargeable  engines  for  raising 
water  by  fire,  litinglnul  aside,  they  continue  to  work  that  of  horses,  which, 
togeUier  with  their  estates  in  England  and  Scotland,  may  in  time  restore 
tile  company's  alliiirs."''  A  figure  of  this  chargiabU  engine  is  iniicnediil 
the  second  volume  of  La  Motraye's  Travels, 

The  author  of  the  Grand  Gazetteer,  a  fiilio  of  nearly  1500  pages,  pnb- 
jishfd  in  17.51,  was  a  iialive  of  Exeter,  on  which  account  he  excuses  him- 
sell'  for  describing  tlial  city  at  large ;  after  mentioning  some  ancient  con- 
duits he  observus  : — "  this  city  is  otherwise  well  watered,  and  luU  only  by 
most  bouses  ol'  note  having  wells  and  pumps  of  their  own,  but  liy  the  river 
water  beirig  forced  by  a  cvrioun  iralcr-cngint,  through  pipes  of  bored  trecf 
:«ud  under  ground,  even  up  to  the  very  steep  hill  at  Northgate  .Street; 
ami  then  by  pipes  of  lead  into  tlie  houses  of  such  inhabilniits  as  |iay  a  very 
moderule  price  for  such  benefit.  The  said  water  house  and  engine  were 
bcgvH  about  Anno.  1691."  This  extract  shows  that  at  the  close  of  tiie  ]7ih 
century,  siicli  works  were  not  very  common  in  English  cities:  of  this  there 
an-  numerous  indications  :  llius  at  Norwich  "  the  water-works  al  the  new 
mills  were  undertaken  in  1697,  and  completed  in  about  two  years."' 

During  llie  reign  of  Henry  IV  of  France,  John  Lintlaer.  a  Fli'ming, 
erecteil  an  engine  consisting  of  lifting  ]ium]>s  (such  as  No.  \2^)  at  the  Pout 
Neuf  which  were  Worked  by  the  current  of  the  .'^i-iiie.  The  water  wa» 
raised  above  the  bridge  and  conveyed  in  [lipes  to  llie  Louvre  a':d  Tuille- 
ries.  This  engine  received  the  apiwllation  of  The  titnnarilan,  from  bnui«a 
figures  of  Christ  and  die  woman  of  Samaria,  which  dcci;rated  the  front  of 
the  building  in  which  it  was  enclosed.  The  success  tha*  attended  this 
experiment,  led  to  the  erection  of  similar  engines  al  Pont  Notre  Dame,  ■ 
figure  of  one  of  the  pumps  of  which  is  inserted  at  par;C  277. 

The  most  elaboriite  machine  ever  constructed  for  raising  water 
"robably  the  famous  one  at  Marli,  near  Pans,  for  sunplying  the  public 
gardens  at  Versailles  from  the  Seine.  It  was  designed  liy  Ranneijuin 
Dutch  engineer,  aiid  set  to  work  in  168^'.  -it  a  cost  of  eight  millions  ul 
Hvros — about  a  million  and  half  of  doIla-5.''  We  are  not  aware  tlial  any 
description  of  it  in  detail  was  ever  puV'JsJied  till  Belidor  inserted  a  siior{ 
account  in  llie  second  volume  of  hia  Architecture  HydrauHque  in  1739, 
ftrd  such  was  its  magnitud'^  and  the  ruk-nlicity  of  its  parts,  that  he  w»r 

•  Mriilliin.l.  pp.  C.vftJ,  O-i''.     MliideiW.     ■■  No    K.k  Tour,     Norwi"!;    17!^! 
'  Di-i.iyiilirrv  'nys  "eighty  iiulUuna,  about  lour  Diillionii  ul  pouudi  slerling,'*  Doi 
Bal'idor  liu  only  eijjiit. 
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■|l  Iting  nm»  uri\\'illing  to  iiiidertakc  its  eluriilatioi,  on   uccrxini  of  tli" 
Cviltv  of  describing  it  with  sufficient  procision.     Its*  general  t'catuieui 
any  Ik?  $kc(cneJ  iu  a  lew  words,  but  a  volume  of  letter- jiri'ss  and  unotlier 

tte»i  would  bo  rec|uirc(l  to  exjilain  and  delineate  the  whole  minntely. 
e  re^^rvoir  or  head  of  the  aijueduct,  into  which  water  from  the 
was  raifecd  by  this  iri-ch'ne,  was  constructed  on  the  top  of  a  hill, 
614  toit.e3,  or  three  quarters  o\  a  mile,  from  the  river,  and  at  an  elevation 
3  feot  ^English)  aljove  it.     To  obtain  a  sullicient  motive  power,  llie 

wus  barred  up  !)y  a  dam,  and  its  whole  wiuth  divide<l,  by  piles,  int» 

fettrteeii  distinct  wuler  cnurses,  into  each  of  which  a  large  undershot  wheel 
was  erecltd.  'rh>'  wheels,  by  means  of  cranks  attached  to  both  ends  of 
lliwr  »xle»,  imparled  nintion  to  a  numlnjr  of  vibrating  levers,  and  through 
lli*se  'M  llie  piston  rods  of  between  200  and  300  sucking  i»nd  foicing 
)>uru|)s  !  The  pumps  were  divided  into  three  se]iarale  sets.    The  first  con-  /  .  j^ 

KM  64,  %vliicli  were  placed  near  the  river,  and  were  worked  by  six  of    . 
priieels :  tbey  drew  the  water,  by  short  suction  [>iiM's,  out  of 'lio  river  '  y/l»* 
forcod  it  thrtjugh  iron  pipes,  up  the  hill ;  but  insii-ud  of  these  pipes 
»>«>iii^  continued  directly  to  the   reservoir,  (which   mitrlit    iiave  l>een  doiip 
b^'  making  them  and   the  machinery  of  sufficient  strength,)  Runnequip 
niade  them  terminate  in  a  large  cistern,  built  for  the  purpose,  at  the  dis   -^ 
\axux  from  the  river  of  100  (atiioms  only,  and  at  an  elev:iiion  of  about  160 
feet.      In  this  cistern  he  ilieti   placed  79  other   pumps  (tlio   second   set)  to 
fWoe  the  waller  thence  to  another  cistern   224  fathoms  further  up  the  hill, 
(lid  ut   an  elevation  of  18.0  feet  above  the  other.     In  this  last  cistern  S?  % 
pumps  nioro  (the  third  set)  were  fixed,  which  forced  the  contents  tc  ilio 
rt^iirvoir. 

lu  ihcs  dit'idinjj  the  work,  Rannequin  made  a  mistake  for  whii  li  no  in- 
genuity could  compensate  :  as  the  second  and  third  sfis  of  jniinps  con- 
biininj;  no  less  than  nnr  hundred  and  nixtijoni!,  with  all  the  ap|)iinitu8  lor 
working  lUe'ii,  merely  transferred  through  a  pari  of  the  ilistance,  the  water 
which  tlie  first  set  drew  directly  from  the  river,  they  were  in  re;dily  un- 
neuess-iry,  Imhjiusc  the  first  set  might  have  been  made  lo  force  i;  tlirough 
this  wIikIo  Jislance  ;  hence  they  not  only  uselessly  consumed  (at  leastj 
lour  fifilis  .tf  die  power  employed,  but  they  rendereii  the  whole  muss  of 
machinery  ciiinin-'rsome  and  complicated  in  the  highest  degree  ;  and  con- 
lequently  extremely  inefficient,  and  subject  to  continual  repairs.  The 
Urst  set  of  pumps,  u?  already  observed,  were  worked  by  the  wheels  near 
which  they  were  placed,  and  the  remaining  wheels  imjirirted  .notion  to 
the  piston  rods  of  the  second  and  }hird  sets,  in  the  two  cisterns  on  the  hill: 
l>f  theac.tliercfore,  eighty-two  pumps  were  stationed  at  an  elevation  of 
upwards  of  three  hundred  feet  ahiiir  the  power  that  worked  them  ;  and 
nearly  htttf  a  mile  from  it  !  and  seventy-nine  were  one  hundred  futhoms 
rr«>m  iJie  wli'^el,  and  160  feet  above  them!  To  work  these  pumps,  a  num- 
hcr  of  cAtfio*.  nr joint rd  iron  rodt,  were  extended  on  fri-mes  above  the 
rrouiid,  all  the  way  from  the  cranks  on  the  water  wheels  in  the  river  to 
both  cisterns,  where  they  were  connected  to  the  vibratin;?  beams  to  which 
ihe  oiston  rods  were  attached.  It  was  the  trunsinission  of  power  to  such 
elevations  an<l  extraordinary  distances  by  these  rhniits,  that  acijuired  for 
tbe  macliine  the  litle  of"  a  monument  of  ignonince/ 

A  writer  in  tho  I'enny  Magazine  (vol  iv,  page  240^  who  examined  the 
macbine  in  ISI.'i,  says  the  sound  of  these  rods  working  wajs  like  that  of  a 
number  of  wagons  loi.ded  with  bars  of  iron  r.iniiiiia  dowr.  a  hill  with 
tx\''*  never  grcasi  d.  Tiie  creaking  and  claiiking  (lie  observes)  must  have 
•d  the  most  iirnorant  person  that  the  expenditure  of  power  wag 
itly  beyond  what  \«a9  required  for   the  purpose  effected.     It  haj 
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been  estimated  llial  D5  per  cent  of  tlie  power  was  pxj>ended  in  commutii- 
eating  motion  to  tiie  a|-)paralus  ! 

The  evil  of  working  tlie  pumps  with  shafts  and  rliains  at  stJch  piwl 
ilistaiices  from  t!ie  power,  was  scon  a  few  years  altiT  the  niuchitie  wu 
completed.  In  1738  an  attempt  was  made  hy  M.  Camus  "o  raise  ike 
water  to  the  reservoir  \>y  a  single  lift,  1'iic  oltenrni  succeeded  but  par- 
tially, and  the  machine  was  much  slrninod  by  the  extraordinary  cffcrt, 
cliit'Hy  because  only  a  small  ponioi.  of  the  power  was  used  ,  vi/  :  those 
wheels  that  raised  the  water  into  t)ifr  (i:-6t  cistern;  the  oiliers  which  moved 
the  shafts  and  chains  abovcmenliont-d,  not  being  applicable  for  the  pu> 
pose.  But  even  this  comparatively  small  power  forced  the  water  to  tl» 
rese-7olr,  and  thus  demonstrated  the  practicability  of  complelint:  the  ■work 
at  '■.ne  ',1rcw,  if  the  whole  apparatus  had  been  adapted  accordingly.  No- 
thing moro  was  done  for  nearly  forty  years,  and  tlie  machine  proceeded 
as  U'fore  till  177.5,  when  another  tnal  was  made  to  rBi^e  the  water  unly 
to  the  second  cistern  :  this  succeeded,  and  it  was  then  hoped  lliat  the  fitrt 
cistern  would  be  dispensed  with  ;  but  many  of  the  old  jiij'cs  burst  frotll 
the  undue  Eirnin  upon  them,  financial  difficulties  impeded  their  renewsl, 
and  the  old  plan  was  once  more  resorted  to.  The  water  wheals  at  lui 
fell  into  decay  and  were  replaced  by  a  steam  engine,  of  sixty  -four  hotw 
power,  l)y  order  of  Napoleon;  but  the  old  sliofts,  chains,  pipes  and  cistenia, 
kc.  still  remain. 

We  have  mentioned  only  225  pumps,  but  there  were  in  all  upwards  nf 
250;  some  l>eing  feeders  to  others,  and  to  keep  water  always  over  tip 
pistons  of  tho.se  near  the  river.  As  each  pum|>  liad  two  va'ves,  an  im- 
mense ipiaiility  of  water  must  have  escaped  at  every  stroke  on  the  open- 
ing and  closing  of  .500  of  these  ;  to  which  may  be  added  that  vliich  leaked 
past  the  leathei-9  or  parking  of  the  pistons,  and  tlirough  I.  e  innumei%bla 
joints.  The  64  piinips  near  the  river  were  placed  in  a  perper.<licTilar  po«- 
tion  a.id  had  solid  pistons.  They  reFombled  No.  118.  except  ihiif  the  suck- 
ing as  well  as  forcing  pipes  were  united  to  the  sides  of  liie  cylinders ! 
those  in  the  cisterns  had  hollow  pistons,  and  the  cylinders  wcic  inverted 
and  immersed  in  the  water  :  one  of  them  is  rejircsented  at  No.  126. 

Amt.rican  water-works. — A  history  of  these  is  desirable  o'ld   Is  cer- 
tainly due  to  posterity.     There   are   circumstances  connected  v  itli  their  ' 
origin,  plans,  progress  and  execution,  especially  in  the  older  cities  of  the 
Union,  o!"  Mexico  and   the  Canadas,  that  ought  to  be  preserved.     An  ac- 
count of  them  would  he  useful  to  future  engineers,  and,  as  a  reciini  of  his- 
torical and  Btalistical  facts,  wouhl  inchide  matter  of  general  interest  in  com- 
ing lirres.     Tlio  circumstances  attending  the  first  use  of  pumps  and   fire- 
engines,  Sic.  may  now  be  deemed  too  trifling  to  deserve  particular  notice, 
but  they  will  ir.riease  in  interest  as  time  grows  older.     VVhen  the  destiny  I 
that  awaits  the   republic  is  accomplislied — when  the  continent  become*  j 
scudded  with  ci'lvs  from  one  ocean  to  the  other,  and   ci\'ilization,  sciencsl 
and  self  government  pervade  the  whole,  l/ien  every  incident  relating  totba] 
early  cultivation  of  the  useful  arts  and  improvements  of  mai^hincry  will  he 
sought  for  with  avidity  and  be  dwelt  uj)on  with  delight.    Why  should  not 
iheintrtKluction  of  the  tno#t  useful  materials,  manufactures  and  imiMetiienU  I 
into  this   migrhty  continent,  form  episodes  in  its  history,  as  well  as  the 
fleece,  the  auger,  saw,  or  bellows  in  that  of  classic  Greece  ?     And  why 
should   mt  the  names  of  those  persons   be  preserA-ed  from  oblivion  wbo] 
lirrr  made  the  first  jump  and  fiie-engine,  the   first  co2  wheel   and   st<;« 
engine — who  built  iho  first  sliip,  forged  the  first  anchor,  erected  the  fir«l] 
saw.  slittins,  or  grist  mill — who  made  the  first  plough,  grew  the  first  wheot,  I 
raised  the  ^rst  silk,  wove  the  firtt  web,  cast  the  first  type,  made  th"  t<r*t  J 
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printed  die  first  book,  Sec.  Sic.  T  It  is  such  men  as  thest  and  thea 
Ts,  lliat  found,  strengthen  and  enrich  a  nation — who,  without  or- 
n  or  parade,  promote  its  real  independence — men,  whoee  labors 
be  tnentioncd  m  the  national  archives  wnth  honor,  and  whose  sta- 
nd portraits  should  occupy  the  niches  and  panels  of  the  cupilol. 
I  precise  time  when  pumps  were  first  introduced  into  New- York  is 
un.  This  city,  as  is  well  known,  was  founded  by  the  Dutch  in  1614, 
ive  it  the  appellation  of  New-Amsterdam,  and  to  the  colony  that  o( 
'Netherlands ;  names  that  were  continued  till  the  Hrilish,  in  16G4, 
Dssession  of  both  and  imposed  the  present  ones.  In  examining  ilie 
cript  Dutch-records  in  the  office  of  the  clerk  of  the  Common  Coun- 
I  volu'jie  of  which  including  the  period  that  extends  from  May  29, 
to  1601,  has  been  translated,)  we  have  not  mei  »vitli  any  reference 
sps,  either  in  wells  or  as  fire-engines.  In  the  first  volume  of  "  Mi- 
T  the  Coin/ton  Council"  (in  manuscript)  which  embraces  the  trans- 
f"ita  October  1675  to  October  1691,  are  several  ordinances  relating 
I.  lul  no  mention  is  made  of  pumps  or  oilier  devices  by  which  the 
iras  raissi.  In  the  second  volume  under  the  date  of  August  31,  1694, 
llti  in  dirasted  that  "  the  public  wells  within  the  city  be  repaired  as 
(y."  i'rom  the  following  extract  it  appears  that  the  water  was 
by  a  cord  and  bucket,  a  windlass,  or  a  swape:  September  24,  1700, 
fed  that  the  neighbourhood  that  live  adjacent  to  the  king's  furra 
re  benefit  of  the  public  well  there  built,  do  contribute  to  the  charge 
in  proportion,  or  else  be  debarred  from  drawing  water  there." 
te  third  volume,  containing  minutes  from  February  1702  to  March 
re  notices  respecting  wells  to  be  dug  and  others  to  be  filled  up,  but 
;  is  said  respecting  pumps  being  placed  m  any.  The  same  reniurk 
'to  the  fo'jrih  volume,  including  a  period  of  eighteen  years,  viz; 
pril  li"i2  to  September  1740;  and  yet  it  would  seem  that  pumps 
I  lliis  last  date  used  in  some  of  the  public  wells,  for  in  the  filth 
( under  the  dati;  of  October  25,  1741,  they  are  referred  to  in  a  "  draft 
I  for  mending  and  keeping  in  repair  the  public  wells  and  pumps  in 
jf ;"  and  again  November  8,  17.52,  a  bill  was  before  the  corporation 
leping  in  repair  the  public  wells  and  pumps;  and  .January  10,  1769, 
Btlred  pounds  [were]  ordered  to  be  raised  "  for  mending  and  keejiing 
lir  the  public  wells  and  pumps."  The  precise  period  when  pum[^s 
rst  introduced  is  tliercfore  uncertain ;  but  from  the  language  of  the 
'of  October  1741,  it  would  appear  that  they  had  then  been  some 
I  use  in  t?ublic  wells;  and  from  another  minute  in  the  same  volume, 
Ule  wells  also,  for  it  was  ordered  that  "  the  pump"  of  an  individual 
be  do-emed  a  public  one  and  kept  in  repair  at  the  public  expense, 
Dpiication  to  that  effect  being  made  by  the  owner. 
I  the  rapi'!  gr;wth  of  the  city*  the  number  of  wells  was  increase'), 
,  every  y?nr  and  in  1774  measures  were  taken  to  insure  a  more 
Dt  supply  fro.Ti  a  large  well  in  the  Collect,  the  water  to  be  raised 
tinery  and  dis'-n.-uted  through  the  city  in  wooden  oipes.  On  the 
»ril  of  that  year,  Cliri»loi>livr  Coivi  prcfiosed  to  tiie  corporation 
cl  a  reservoir  and  to  convey  water  through  the  several  streets  of 
r."  The  pnjpnsition  was  subsequently  approved  of,  and  Mr.  Colea 
1  "  to  enlarge  tlie  well  and  j)roceed."  A  committee  was  appointed 
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to  assist  liim  and  to  ■itpcriiitentl  tlie  works,  and  several  contracr«  were 
iimde  for  matoriuls.  I'o  iiieel  the  expertise  c£2500  in  treasury  nol4<«  wcnc 
ordered  to  be  iissued,  and  Bubsuiiuenlly  fiirlher  amounts  were  [>ritilod  and 
issued.  One  of  llie  small  notes  is  now  in  the  possession  of  Jolai  Loiipr, 
£sq^  superintendent  of  the  Manhattan  water-works,  and  is  in  these  wnrilt: 

NEW-YORK  WATER-WORKS. 
No.  3S42. 
Thit  noU  shall  rntitlt  the  bearer  to  the  turn  of  TWO  SHILLINGS, 
current  muniy  of  the  culuny  of  ^EVf-YoRK,  payaltle  on  hkmami,  Ay  fii. 
Mavok,  Ai.utRMEN  and  Commonaltv  (if  the  eity  (if  New-  York,  at  It','  iifict 
(if  ehumherlain  (if  the  said  city,  pursuant  to  a  lute  of  the  said  Mayor.  Al- 
dermen and  Commonalty  of  this  date.  Dated  the  sxvttl  (hty  ((f  Aujptsx.lkl 
year  (four  Lord  one  thousand  ser(m  hundred  and  seventy  Jive, 

By  order  (f  Ute  Oirjxtraiion,,  Wm.  W.^odcli, 

ii«.  J.  H.  Ceiiiser, 

It  appears  that  tlie  well  (near  White  street)  was  enlarged,  ana  a  ruser- 
voir  Ijuilt,  hut  no  pipes  were  laid  nor  mai-liinery  to  raise  water  erected 
before  the  war  Ijroke  out  and  [lut  u  sloji  to  the  work.  Tj-.e  pr^ect  wu 
not  ayain  revived  till  1797,  when  the  Manhattan  Company  was  iiioorpu- 
rated  :  tlie  present  w^ells  were  llien  made  and  the  water  raised  by  liiree 
or  four  common  forcing  pump*,  worked  by  horses.  These  pumps  raised 
the  water  by  atmospheric  pressnre  twenty-five  feet,  and  forced  it  forty 
feet  liighcr,  into  a  reservoir  in  llie  I'ark  where  the  post  office  is  now  (lb40) 
located,  in  1804  the  pumps  were  replaced  by  two  double  acting  one* 
(No.  12C)  fifteen  inches  in  diameter  and  with  a  stroke  of  four  feet.  They 
were  antl  still  are  worked  by  one  of  Watt's  steam-engines.  The  water 
is  raised  to  the  same  elevation  as  before.  These  works  will  probably 
be  discontinued  as  soon  as  the  Croion  aqueduct,  now  being  constructed, 
it  finished 

The  first  water-works  of  Philadelphia  were  commenced  in  1799,  and 
consisted  of  forcing  pumps,  worked  by  steam-engines  which  raised  water 
fioiti  the  Schuylkill  into  a  reservoir  constructed,  ut  an  elevaiion  of  50  feel, 
on  the  banks  of  that  river  ;  and  from  which  it  was  conveyed  to  th?  city 
in  pipes  of  bored  logs.  In  ISll  the  "  city  councils"  appointed  a  com- 
mittee to  devise  means  for  procuring  a  more  perfect  supply  than  these 
works  aflb'ded  :  and  shortly  after  it  was  determined  tu  erect  two  steam- 
engines  and  purnps  on  another  location,  viz  :  at  ¥air  J\Jintnt,  two  miles 
and  a  half  fro.ii  the  city,  and  near  the  upper  liri(lr;e  that  crosses  li.j  Schuyl- 
kill. A  reservoir  318  feet  in  length,  107  in  width,  and  10  in  d'jpth.  wu 
made  at  an  elevation  of  9S  feet,  into  which  the  pumps  forced  wiLier  from 
die  river. 

Tho  great  expense  attending  the  employment  of  steam-engines  led  to 
tlie  adoption  (in  1819)  of  water  as  the  moving  power.  A  dam  was  erected, 
and  in  1822  three  water  wheels  were  put  in  operation  ;  these,  by  crank* 
on  their  axles  imparted  motion  through  a  connecting  rod  to  the  jiislons  of 
tlie  p'jiip.-i.  in  addition  to  llie  water  consumed  in  turning  these  wheels, 
k  surjihis  nrmaincd  to  work  five  additional  ones,  whenever  the  wants  of 
ih'i  city  inifjlit  require  them.  An  additional  reservoir  was  also  made, 
which  ontains  four  millions  of  gallons.  The  wsiter  in  both  is  102  feet 
eiKjve  low  tide,  and  5G  above  the  highest  ground  in  the  city.  Iron  pi|>ef 
were  also  substituted  for  the  old  wooden  ones.  The  whole  was  executed 
under  the  directions  of  F.  GratT,  Esq. 

We  took  the  opportunity  while  at  Philadelphia  in  October  of  tlie  pra 
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Mill  year  (1840)  to  visit  Fuir  Mount.  Six  breast  wliccis  (15  feet  long  and 
li)  fuel  in  diaiiiuter]  were  in  operation;  eai.b,  bj'  a  cnink  on  one  eiid  ol 
''itxlc,  coramuniciiting  motion  to  tie  ])istou  rod  of  a  single  pump.*  'J'lie 
bomiM  are  duuljle  acting,  tlie  same  as  figured  and  described  at  j>uge  271. 
Tlwy  »re  placed  a  little  Vielfiw  the  axles  of  the  wheels  and  in  neui-ly  a  lio- 
riinut&l  position.  The  cylinders  are  IG  inches  diameter;  and,  ihnt  tlie 
water  may  not  l>e  pinched  in  its  passage  into  and  escape  from  them,  tlie 
Induction  and  eduction  pipes  are  of  the  same  horc;  and  all  nnsjles  or 
•bnipt  changes  in  tlieir  <lirection  and  those  of  the  mains  are  avoided.  Tho 
Woke  of  two  or  tliree  of  the  pumps  was  four  feet,  and  their  wheels  n!a<lo 
fouilccii  revolutions  per  minute:  the  others  had  a  stroke  of  five  feel  ten 
iljchvt,  and  the  whei'ls  jiorformed  eleven  revolutions  in  a  minute,  cini.'*e- 
ijucntly  the  content*  of  the  cylinders  of  the  latter  were  empiii-il  into  the 
ifewvoirs  twenty-two  times  in  the  same  |)eriod,  and  those  of  the  fonncf 
iMfenly-eight  times.  The  cylinders  are  fed  under  a  head  of  water  from 
the  fyrcliay.*  and  tliey  force  it  to  an  elevation  of  96  feet,  through  a  dis- 
'liuice  of  2S^0.     An  air  chamber  is  adapted  to  each. 

Il  i»  impossible  to  examine  these  works  without  paying  horna^  to  tho 
Mence  and  skill  displayed  in  their  design  and  execution;  in  these  res- 
pects no  hydraulic  works  in  the  Union  can  compete,  nor  do  we  believe 
Aey  are  excelled  by  any  in  the  world.  Not  the  smallest  leak  in  any  of 
\bB  joints  was  discovered  ;  and,  with  the  exce|it!iin  nf  the  water  rushing 
Id  tlie  wheels,  the  whole  operation  of  forcing  up  daily  millions  of  gallons 
tto  tlie  reservoirs  on  the  mount,  and  thus  furnisliing  in  alnindnncc  ono  nf 
he  first  necessaries  of  life  to  an  immense  population — was  performed  with 
tM  noise  than  is  ordinarily  made  in  working:  a  smith's  bellows!  The 
fctnresquc  location,  the  neatness  that  reigns  in  the  buildings,  the  walks 
fotiod  the  reservoirs  and  the  grounds  at  large,  with  the  beauty  of  the  sur- 
>iinding  scenery,  render  the  name  of  this  place  singularly  iippropriale. 
Dr.  T.  P.  Jones,  the  talented  editor  of  the  Journal  of  the  Franklin  In- 
$tute,  promised  his  readers  "  A  history  nf  the  origin,  progress  and  pre- 
fat  state  of  the  Water-works  at  Fair  Mount."  some  years  ago,  but  which 
ks  not  yet  been  published.  His  familiarity  with  the  subji>ci  in  general 
rJ  with  those  works  in  [larficular,  would  make  the  history  liighly  inter- 
fting  to  the  present  generation,  and  a  s<mrce  of  valuable  intormation  to 
Uuni  ones.  Sec  .Journal  of  the  Franklin  Institute,  vol.  iii,  first  series; 
'hich  contains  a  plan  and  section  of  one  of  tho  wheels  and  one  of  the 
lunps. 


•  Wlinl  0  conlrnst  «  iili  the  old  works  nl  London  liridge.  wlieru  oni-  wheel  wnrlioH  fz- 
M  iSBtll  piiMip«:  ttie  rrlniun  of  thi-  mnncrniis  p'rxoni  niiii  the  a|>puruiii<i  lor  movitif 
Mi  Con>aiuin{$  a  great  portion  of  tlie  power  eiiiployail 
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CHAPTER    VII. 

F>RC-c|i>i1lwK>:  Protitbly  umO  In  Bvliylno  ftOii  Tyrr — Employed  hy  ancient  «  «rrior>- -Othc- d«rtB«l« 
tlicir.— rirv-enirtneH  refrrrrj  in  by  Apulltxluru^^TbetfA  prvbattl^  ei]Utfl  lu  tifftz'.  lo  nun:  ^7l^li]J•l 
IJemu  :  Firu-enf  me  Jetcnbcd  in  it — l'uni|t«  uncil  to  promote  cunllii|rr«tl»ot — Greek  firr,  a  liquiil  (rf«^* 
lectrJ  by  puinp»^Kir««  and   wart  curuintiiily  uiiltptl — Gunera  »,  tbe  grnalrkl   luci  ndiarir»~S4yiii|l^ 
Crate*  re»|ircliuf^  them — Fire  puiuu*  tli«*  rureruniicr*  ofguna — Uae  of  en|lne»  in  Riinie — MeuiirLed  Ik  • 
letter  of  I'liiiy  tu  Trajan,  and  by  Seneca,  Hek>  chiui  and  laldore.     Ilouiaii  Hrenien — Fn'(|URUi7  ol  I 
nctiet*d  by  Jiiteiml — Urirktable  praelice  of  CmaaUk-^PorUible  engine*  in  Runiao  bvo»e»— ^bwlarR  «^r- ^ 
|tloe*d(>rivei]  frtHii  tbe  SpinttllH — Forgatten  lu  tbe  middle  aye* — Superktitioiis  witb  lefard  to  bre»— Fmw  J 
attributi-d  to  demon*— Consecrated   lielle  employed  ni  *ub»tiluloa  for  water  and  llre-engioe* — fixtnrwj 
fruiu  tlic  Paru   Kltual.  Wyubeo  do  Worde.  Bariiaby  Gwije  and  Peter  Martyr  rcapei-ljnj  lliem — EaiU^-  I 
malic  detice  of  an  old  ituko  uf  Milan — Firemou'a  apparatua  from  Ajtricola — flyriugea  ukcd  in  Londtnitv  I 
queiirli  lirea  in  tbe  17tli  century — i^tlll  employed  in  Cunttunlinnple — Anecdote  of  the  Capudnn  I'urli^' 
biyriii|*e  engine  fruni  BeaeiMi — German  ciif  iiica  of  the  Idtli  century — Pump  enfiue  from  Decuio— j*alf  J 
euirillea  in  London — Katmct*  from  the  niinutea  of  the  Lniidon  Comoiou  Couucil  reepectiuf  euficetii 
•ifuiru  in  lOti'i — Experiment  of  Maurice  meutioucd  bydtuw  tbe  butonan — Eitracl  fWiui  'ahiriuryetlte 
6r*t  inveutera.* 

Of  the  mnchinos  ticscinbed  Ui  the  1st  ntitl  2<i  liooks  some  tire  prnplnypd 
in  rai.siii SI' water  for  llic  irrig.ilinn  of  tniid,  aiiil  for  numerotis  jnirjiojes  of 
rural  iiinl  tJomestic  ecuimiiiy  ;  tittit-rs  in  various  ojieralions  of  engineering 
mill  liio  nrls,  but  witli  llie  exct-ption  of  the  cpntrifugiil  i»um|>s,  (Nos. 95,  6, 
and  7,)  iIr-  lit|tiid  fulls  inertly  from  ihcni  nil — i.  r.  it  is  not  Ibrcibly  ejected 
as  ftom  a  forcing  pump  or  syringe  :  whether  it  he  poured  from  a  bucket, 
drawn  lrt>m  a  gutter,  escape  from  a  noria,  or  from  the  orifice  of  a  screw, 
or  tbo  spoilt  of  an  uimnspheric  pump,  it  flows  from  each  by  the  influence 
nf  (riuviiy  and  consei|neirt!y  liffccnds  as  it  flows — such  machines  are  there- 
f'lrc  iti.ippliivaiile  for  projecting  waler  on  fires,  because  for  this  purpose  the 
li(|ni(l  is  ifijuireil  to  a-v-t-Ki/  after  Ifavmg  the  apertures  of  discharge  and  with 
a  velorliy  suflieient  to  carry  it  }iigh  into  the  nir;  anil  also  when  convevcJ 
to  a  disttince  through  flexible  or  other  tubes,  to  be  tielivered  from  them  nl 
elevations  tiir  almve  the  inai-)iitie  itself.  As  these  efl'ects  are  produced  bv 
the  pumps  descrilicd  in  tlie  present  division  of  the  subject,  most  of  thi'iB 
have  lit  ditTi'rt'iit  limes  been  adopted  as  tire-engines;  some  account  of  thi-it 
iiiipovi:iiit  miiiliincs  may  therefore  be  inserled  here. 

Wilier  is  the  giiind  agent  tlmt  nnliire  lias  provided  for  tlie  exliiiguisV 
ment  of  flames,  mid  confrivsinrcs  for  n]ip!\ing  it  with  cfl'ect  have,  in  everv 
civilized  country,  been  assiduously  sought  for.  In  the  absence  of  more 
Ruitalile  implements,  buckets  and  other  porliibje  vessels  of  cajiacity.ot  hanil, 
\iuve.  always  been  seized  to  convey  and  throw  water  on  firths;  and  when 
used  with  celerity  and  presence  of  minil  nt  the  commencement  of  one  hme 
often  been  sutiicient ;  but  when  a  conflngralion  extends  beyond  their  reach, 
the  fate  i'f  the  biiniing  pile  too  often  resembles  thut  of  ihc  ships  of  Eiieiit: 

Nor  hiickviji  pmirfH.  nor  slrenjfiii  oriiiiiiian  hnni] 
Can  thi3  vJciorioUK  ejeiiit^nl  uiiEi^tiind.  Knevi,  v. 

The  necessity  of  some  device  liy  which  astiram  of  water  might  lie  forreti 
from  a  distance  on  flames  must  have  been  early  perceived,  and  if  we  were 
to  judge  from  the  frequency  and  extep.:  of  ancient  conflagi-ations,  the  prti- 
digious  amount  of  property  destroyed,  and  of  human  misery  iiiducccl  hy 
ihein,  we  shoulii  conclude  that  ingenious  men  of  former  times  were  stitnu' 
laled  in  an  unusinil  degree  to  invent  machines  for  the  purpose.  Th  it  tliit 
was  the  case  cannot  well  be  'nie-'t'ored,  altliougl    oo  account  i>f  their  \» 
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ti:.t  Ms  reached   our  times.     It  seems  excee<lingly  probable  that  sonic 
*iril  (>i' fii-i-engiiies  were  used  in  the  celcl)raiecl  cities  of  remote  ar.tlrjuity 
—ill  N'uieveh,  Tvre,  Labylon  and  others.     It  is  scarcely  possible  lliat  the 
Tj-rinn  mid  Baby  Ionian   mcoaniciars,  whose  inventive  lalents  and   skill 
were  pipierbial,  should  have  leh  tneir  splendi<l  cities  destitute  of  such 
mi'iinj  fiir  piescrving  them  from  tiie  ravages  of  fire.     If  the  groot  extent 
of  liiibyl.m,  fur  example,  be  consid'-red,  its  locution,  (on  an  extensive  plain,) 
ill*  li'Oi,'tli  of  ir^  streets,  (fifteen  miles.)  the  height  of  its   buildings,  (three 
lii'J  fimr  mories,)  and   its   unriviiled  wealth,  togeilicr  with    the  heat   and 
Jnnejs  of  tlie  climate ;  the  necessity  of  such  ninchiiies  will  Le  apparent, 
ifitl  what  appears  necessary  to  us,  we  may  rest  assured,  appeared  equally 
•"  f  its  mechanicians,  and  that  they  were  quite  as  capable  of  providing 
bv  their  iiicenuity  for  the  ernergeiicy.     Nor  are  we  left  wholly  to  conjec- 
ture respecting  their  knowledge  of  hydraulic    or   pneumatic   machinery, 
«iocp  tlie  most  memornMc   miichiiio  for   raising  water  in  tiie  ancient  world 
W'a>  made  ami  iisi-d    al  llabylon,  niul   one  which,  as   iias   been   elsewhere 
nfscrved,  greuily  exceeded  in  the  elevaliou  to  which  it   raised  it,  all,  or 
Hftrly  all  tlie  wiiter-works  of  modern  days.     Had  they  engines  like  ours 
'\ecl     We  dare  not  say  th«>y  nud,  although  we  see  nothing  improbable 
n  iho  opinion  :  the  antiquity  of  the  syringe  is  unquestionable  ;  and  its  ap- 
plication to  project  water  on  flames  must  have  been  as  obvious  in  remote 
»»  in  present  times;  and  people  would  as  naturally  be  led  then  as  now, 
to  construct  large  ones  for  that  purpose. 

There  are  other  rtiusons  for  believing  that  syringes  or  pumps  for  squirt- 
ing water  on  fires  were  in  use  previous  to  tho  lime  they  are  first  mention- 
ed in  history.  ITirc  was  one  of  the  most  coin'iion  ami  most  destructive 
agents  employed  in  ancient  wars.  When  a  city  was  besieged  or  assaulted. 
It  was  the  first  object  with  the  assailants  to  protect  the  moving  towers,  in 
which  their  bartering  engines,  &c.  appioached  the  walls,  from  being  con- 
surred  by  fire,  oil  ami  pitch,  &i:.  tlirowti  upm  tliein  from  the  ramparts. 
Kvnry  source  was  examined  that  ingenuity  could  unfold,  for  materiiils  and 
devices  ut  protect  them;  and  as  not  only  the  lives  and  property  of  the  in- 
habitants, but  often  the  destinies  of  armies  and  even  of  nations  were  on 
•uch  occiisicms  ut  stake,  it  is  reasonable  to  conclude  tliat  the  most  perfect 
apparatus  which  could  then  be  procured,  were  einployed  both  for  destroy- 
ing buildings  by  fire,  and  also  for  preserving  them  from  it.  We  know 
that  luen  vrerc  specially  trained  to  fire  buildings,  and  that  they  were  ex- 
pert in  their  profession,  especially  in  shooting  lighted  arrows  and  darts 
.nto  and  upon  structures  that  could  not  be  approached  ;  hence  the  neces- 
sity of  devices  for  tlirowing  water  upon  these  missiles  and  the  places  in- 
flamed by  them.  There  is  an  allusion  to  both  pructices  in  the  Ejiislle  to 
the  Ephesians,  vi,  16.  Such  a  system  of  warfare  could  never  have  been 
carried  to  the  extent  that  it  was,  and  for  so  many  ages  too,  among  tlie  cele- 
brated nations  of  old,  without  forcing  pumps  or  something  like  them  being 
oseil  to  squirt  water  on  such  parts  as  could  not  be  reached  iiy  it  when 
thrown  from  the  hand.  We  cannot  conceive  how  the  consianl  repetition 
of  one  army  applying  its  energies  to  the  destruction  of  ani>ther  bv  means 
of  fire,  and  the  hitter  equally  uitent  on  devising  and  ajiplyiiig  means  to 
extinguish  it,  without  the  application  of  the  syringe  and  nl  machines  on  the 
nnnciple  of  the  bellows  occurring  to  them — an  application  so  obvioi  a 
jeven  then)  that  the  sliirhtest  mental  eflTort  to  produce  a  contrivance  for 
the  purpose  could  not  have  overlooked  it,  even  if  the  occasions  were  of 
little  moment,  much  less,  when  the  inventive  powers  of  armies,  and  of 
fqilitary  etiaiiieers  in  particular,  were  engaged  in  the  research,  and  the  fate 
.if  nations  de]>ended  apen  the   result.     From  a  remark  in  one  of  Pliny'? 
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Ifttteia,  to  wIikTj  we  shuH  presently  refer,  it  appears  that  among  the  Romani 
iiidiviJuals  were  brought  up  to  the  j/rqfcwioa  of  extingiiisliiiig  firr.s. 

Tlic  Hclt/Milct,  or  '  town  fakers'  of  Doineirius,  although  protiCs  of  hU  roe 
chanical  genius,  woulii  hiive  availed  him  little  at  the  siege  of  Rhodes,  iK>t 
the  movHole  lowers  of  Hannibal  at  Saguntum,  if  these  warriors  had  not 
been  in  possession  of  means  to  prevent  them  from  being  consumed  by  clia 
fire  of  the  besieged — of  materials  to  resist  it-s  effects,  and  apparatus  to  ex 
(ingnish  it.  That  the  resources  of  the  ancients  in  these  respects  were  not 
inferior  to  ours,  may  be  inferred  from  sevei-ai  historical  facts  rcspeclin 
their  modes  of  securing  these  towers.  They  were  penemlly  covered  w 
raw  hides,  leather  soaked  in  water,  or  cloth  made  o'  hair,  and  sometime!^: 
allhoii(;h  seldom,  they  were  plated  with  metal.  Such  were  some  of  thoM 
em[)li)_ved  by  Titus  at  the  siege  of  Jerusalem.  They  were  seventy-five 
feet  high  and  were  covered  all  over  with  sheets  of  iron  ;  perhaps  notliioj 
else  could  have  resisted  tlie  incessant  torrents  of  fire  which  the  infuriatei 
Jews  showered  upon  them.  But  a  singular  proof  of  the  sagacity  and  re- 
searches of  the  ancients  is,  that  ihe  modern  ap}>li''unon  of  nlum  to  render 
wood  incomlmstilile  was  also  known  ;  for  Arcliela-is,  one  of  the  generals 
of  Mithridates  in  a  war  with  the  Romans,  wasi-ed  over  a  wooden  tower 
with  a  solution  of  it  and  thereby  defeated  all  the  altenipts  ol'Sylla  to  set 
the  structure  on  fire.  Thus  we  see  that  when  mechanical  means  failed 
them,  or  were  not  at  hand,  they  had  recourse  to  chemical  ones.  But  that 
water  and  machines  for  dispersing  it,  were  extensively  employed  on  such 
occasions  appears  from  a  remark  of  Vitruvius.  He  observes  that  the  lower 
stories  of  the  towers  contained  large  quantities  of  water  for  ihe  purpose 
of  extinguishing  fire  thrown  upon  them.  Of  course  they  had  means  of 
projecting  it  wherever  required,  but  of  these  unt'orlunately  he  is  silent 
Montfaucon  has  engraved  a  figure  of  a  species  of  wheel  for  the  purpose, 
but  its  representation  is  too  imperfect  to  indicate  the  nature  of  the  raa- 
chine  of  which  it  seems  to  have  formed  a  part 

That  machines  of  the  pump  kind  were  used  on  these  occasions  is  evi- 
dent from  the  temporary  contrivance  of  A poUodorus,  mentioned  in  the  re- 
mains of  a  work  of  his  On  IVar  Mactiincs,  and  cpiotcd  by  Professor  Beck- 
man.  We  have  noticed,  at  page  235,  one  of  his  plans  for  extijiguisjiing 
fire  in  the  upper  parts  of  a  building,  and  that  to  which  we  now  refer  is 
from  the  same  passage.  Water,  he  observes,  may  he  conveyed  to  rleralrd 
placet  when  exposed  to  Jiery  dnrU,  by  means  of  the  entrails  of  an  ox  • 
these  natunil  tubes  being  connected  to  a  Img  filled  with  wnier  j  bv  com- 
pressing the  basj  the  liquid  will  be  forced  thrtiugh  them  to  its  place  of 
destination.  Tliis  device,  he  says,  m.ay  be  adopted  when  the  vntrhint 
called  sipno  is  nut  at  hand.  Now  if  we  had  not  known  that  (he  term 
sipho  was  anciently  used  to  designate  syringes  and  other  tubular  inslm- 
ments,  tlie  substitute  which  Apollodorus  here  proposes  sufRcientIv  proves 
that  it  was  a  forcing  pump  to  which  he  refers,  and  one  too  that,  like  our 
fire-engines,  was  furnished  with  leathern  hose  through  which  tiic  waltr 
was  conveyed  to  the  "  elevated  places"  he  mentions.  The  iinpoiiarjff-  of 
flexible  pipes  acompanying  the  pump  or  sipho,  when  employed  in  war, 
U  obvious  ;  for  one  of  the  objects  of  those  who  threw  "fiery  ifans"  on  tlie 
towers  and  other  structures,  was  to  fire  them,  if  po-ssiblc,  at  places  inac- 
cessible to  water  for  the  most  difficult  to  lie  reached — hence  the  DecessilV 
not  only  of  engines,  to  project  streams  of  that  liquid,  hut  also  of  such  tubes 
to  direct  it  to  the  places  inflamed  :  and  hence  tlie  suggestion  of  the  lulie* 
mentioned  \iy  Apollodorus  when  artificial  ones  were  not  to  be  procured: 
an  ox  was  alwavs  within  the  reach  of  an  army. 

As  these  engines  would  of  course  be  similar  to  such  as  were  used  IC 
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ktins^uish  RrM  .n  cities  in  times  of  peace,  it  is  to  be  regrettej  tliatneithci 
"lliidorus  nor  Vitruvius  hus  described   them  :  perhaps  they  were  too 
nmon  to  have  been  thought  worthy  of  particular  notice.     In  the  design 
111 i",\ccijtion  ot"t}ieir  essential  parts,  they  were  probably  equal  to  our  best 
Igines.  Some  persons  may  doubt  this,  but  it  should  be  rememl)ered  that 
(n«  imure  of  ancieot  wars  naturally  led  to  the  best  construction  of  all  mi- 
litary machinery  ;   and  oi  defensive  apparatus,  engines  to   extinguish _/ire  ,, 
coulil  not  have  been  the  least  important,  when  that  element  was  univer-  ?*--«  '*■  * 
mIIv  employed.      The  contests  of  the  ancients  were  often  those  of  mecha-  ^i*VO 
ircil  skill  mther  than  of  fighting — conflicts  of  talent  in   engineering  than^ 
in  snieralahip ;  hence  the  ingnnuity  displayed  in  their  machinery  and  'he/^^_^ 
won.leri  wrought   by  it.     Archimedes,  by  superior  machines,   protected          ^     ji 
byname  for  eight  montiis  against  all  the  efforts  of  the  legions  of  Marcellus^*''"'*^     ^ 
•iiJ  the  Roman  engineers.     The   successes  of  Deraetnus  and  Hannibal ***7*^ 
Were  often  due  to  the  novelty  of  their  engines  :  the  Carthagenian  machin-  ^    ^^ 
irtj  were  indeeil  proverbially  skilful,  so  much  so,  that  in  Rome  itself  any 
curious  piece  of  mechanism  was,  by  way  of  eminence,  named /jkbic.  Aii- 
f    fient  armies  were  iilso  often  employed  in  obt.iining,  raising  and  cuttmg  off 
^^■(er ;  the  hydnnilic  engines  of  Ganymede  nearly  ruined  Ceesar  and  his 
^^■iy  in  Alexandria.  Cyrus  took  Babylon  by  diverting  die  course  of  the 
'  Kiiphrafe.<.  kc.     The  fre<piont  use  of  hydraulic   engines  in  war  either  ta 
extinguish  fiix-s  or  for  other  purposes,  would  naturally  lead  to  skill  in  mak- 
ing as  well  as  in  using  tiicm. 


Ic^  >^ 


tin.  141.    CfyptUii  Fire-EarilM  of  lb*  3d  csnturjr  before  Chri«l,  frodi  Heron**  Spiritalie, 

That  the  idea  of  employing  forcing  pumps  as  fire-engines  was  not  new 
be  time  of  Apollodorns  or  Vitruvius,  we  have  conclusive  evidence. 
Mnong  the  small  number  of  ancient  writings  that  escapt-d  destruction  in 
those  dark  and  turbulent  ages  that  intervened  between  the  decline  of  th« 
Roman  power  and  the  introduction  of  printing  into  Europe,  was  a  Greek 
nanuscript,  containing  an  account  of  various  devices  for  the  application  of 
water,  and  among  them  an  engine  for  extinguishing  fires.  This  small 
work  was  illustrated  with  figures,  like  the  original  work  of  Vitruvius. 
Several  Latin  translations  were  made  and  published  in  the  16tb  and  17tfa 
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ce:i\ot!f<.  arid  most  of  ihcm  were  ornamented  with  copies  of  ihc  oritpnal 
illui^Lralioiis.  'I'his  was  the  Sinrittdia  of  Heron,  to  wkich  we  have  olreiiii^ 
referred,  {page  270.)  As  the  engine  may  interest  some  readers,  a  fi^re 
nf  it  :s  niinexed.     See  No.  141  on  iJie  preceding  page. 

To  persons  not  familiar  with  hydraulic  maciiinerv  this  figure  will  ip 
pear  a  rjde  and  imperfect  afl'uir;  but  notwuiistanding  its  antiquity  and  (he 
mutilations  which  it  has  unquestionably  sustained  in  pttssiiig  ihrnuuli  ilie 
hands  of  copyists,  it  exhibits  nearly  all  the  essential  eKinicnte  of  a  modem 
engine.  Like  the  machine  of  Ctes'ibius,  Heron's  engine  consists  of  two 
brass  forcing  pumps  connected  to  one  discharging  pipe.  The  ryliiiiid* 
are  secured  to  a  base  of  wood  and  are  partly  ininu-ibed  in  water;  ti)cjr 
are  d-ec.-ibed  in  the  text  as  turned  or  Inired  very  smonth,  with  pisioiistc- 
cuniteiy  fiaed  to  work  in  them.  The  piston  rods  are  attached  liy  buluw 
a  double  lever  at  equal  distances  from  the  centre  or  fulcrum  at  A.  TLe 
carriage  not  lieing  nect^ssary  to  elucidate  tlie  principle  of  the  niuchmcwii 
omitted  by  Heron.  The  rectangular  figure  into  which  the  upper  |>«rt  o( 
the  discharging  pipe  is  formed,  ha*  certainly  been  added  by  some  uutu- 
oriber  of  the  manuscript.  Neither  Heron  .nor  his  contemporaries  could 
have  made  such  an  obstacle  to  the  issuing  fluid,  and  nothing  oi'  the  kind 
.»  mentioned  m  the  text.  There  is,  moreover,  conclusive  evidence  that 
the  figure  has  been  altered;  (<.>T  example,  there  is  no  provision  reprcs«.'iiu-d 
by  which  tlie  direction  of  ilie  perpendicular  jet  can  be  changed,  and  ticnw 
an  engine  made  according  to  it,  would,  on  this  account  alone,  bo  uscIcm; 
now  Heron  not  only  describes  a  niovuble  tube,  fitted  by  a  joint  (gwiMi 
neck)  to  the  perpendicular  one,  by  turning  ofwliich  the  water  could  b« 
discliiirged  on  any  given  place,  but  he  refers  his  readers  to  the  figure  uf 
it  in  the  illustration. 

Had  Heron's  machine  an  air  chamber  J    This  is  an  interesting  qtieMion, 
since  if  it  were   determined    in   the    affirmative,  tliere  would  be  liitle  left; 
for  the  moderns  to  claim  in  fire-engines  except  details  iu  the  emis-truclioii  1 
of  the  carriages  and   other  matters  of  minor  iniportiiiice,  that  have  bees  j 
left  unnoticed  in  the  Spiritalia.     The  accounts  of  miichines  by  ancient  aa- 
thors  are  generally  very  concise ;  they  did  not  think  il  necessary  to  enlel 
into  that  minutiie  of  narration  that  characleriKes  the  specifications  of  modem 
patents,  nor  would   it   have  been  of  much  use  to  us  if  they  had,  but  th« 
c.mtrury,  for  the  multiplicity  of  mere  technical  terms  would   rallier  hav* 
itlcrea^^c(l  than  removed    our  embarrassments.      This   is   evident  from  tlrtj 
variety  of  explanations  given  of  a  few  such  terms  that  Vitruvius  employtj 
in  descriding  some  of  the  inventions  of  Ctcsihitis  and  other  mechanictaiis; 
hence  in  all  the  accounts  of  ancient  machinery,  il  was  of  more  importaiW*] 
to  preserve  the  figures  or  illustrations  than  the  text  from  corrujjtinn. 

riie  de-icription  of  Heron's  engine  which  the  text  and  the  figure  afford, 
is,  to  por.sons  conversant  with  such  machines,  sufficiently  explicit,  with  iLe 
exception  of  that  part  of  both  which  relates  to  the  discharging   pipe  ami 
apparatus  connected   to   it — or   in  other  words,  to   the   air  vessel,  tor  that 
there   was  one,  we   think  every   intelligent  reader  will  presently  admit. 
Hud  the  figure  been  always  exactly  copied  Ijy  the  multipliers  of  iusdu- 
scripts,  of  course  no  obscurity  would  here  have  been  felt,  but  even  in  I* 
state   in  which  it   has  reached  us,  an  air  vessel  i*  certainly  portrayed.     Ill 
may  be  asked,  If  this  Le  so,  why  was  it  not  discovered  before  ?     PossibltJ 
because  no  one  sons;ht  j>artirii/<irli/  for  it  :  its  diminutive  size  and  general 
resemblance  to  a  plain  tube  wnih'd  prevent  any  one  else  from  recognizing 
it.      It  will  be  seen  in  the   figure  that  one  part  of  the  discharging  pipt  i 
descends  into  an  enlarged  pfniion  of  that  below  it,  and  lliat  a  space  is  lefl 
between  themj  thus  constituting  an  air  chaml^er.  and  precisely  of  the  i 
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Lw  choae  generally  used  in  engine*  at  this  day.  Tliis  part  of  llie  figure 
(this  aicitc)  iu  Commamlinc's  tninslation  of  the  Spiriuilia  is  not  shown 
etinn,  hut  the  arrangement  of  the  pipes  is  precisely  as  shown  in  the  cut. 
'  diis  iuJilitioQ  to  the  discharging  pi|)e  could  not  have  been  rruuie  in 
l6tk  century,  when  the  work  iV-ll  into  the  hands  of  printers  and  en- 
"»,  for  at  that  time  the  use  of  it  was  nol  known,  wliile  from  the  small 
i\nna  ft^tired  it  could  have  been  of  no  service.  That  it  originated 
I  Heron  and  formed  a  prominent  feature  in  the  original  figure,  h  evi- 
Ifiron:  the  text :  when  s|K!aking  of  the  escajie  of  the  water  from  thi« 
■of  the  m.ichinc,  he  expressly  states  that  it  was  forced  out,  in  the  same 
•as  out  of  a  \'ase  or  fountain,  which  he  had  previously  desrrihed, 
m  of  cnmprrutii  air — '  ]>er  atrein  in  ipto  coinprcstum.'*  Nothing 
the  plainer  than  this ;  for  every  manufacturer  of  pumps  knows  that  in 
ihr  ftlwence  of  an  air  vessel  there  could  have  been  no  air  to  compress. 
]mJt  i*  an  interesting  circumstance  in  the  history  of  tliis  ancient  engine 
^Kllte  air  vessel  should  have  Ijcen  preserved  through  ao  many  ages  when 
^■IM  was  not  known.  While  its  size  was  diminished  its  form  was  re- 
Hbd.  It  is  no  wonder  that  the  old  copyists  considered  it  an  unsightly 
>Mil  Rniiecessitry  enlar;;ement  of  the  discharging  pipe,  and  hence  they  re- 
duced It  accordinifly— certainly  the  fancy  that  could  add  the  rectangular 
iwisi  to  the  uppei  part,  woulil-  not  hesitate  to  remove  the  supposed  defor- 
mi'T  I'mrn  tlie  lower  one.  Some  persons,  deceived  by  the  imperfect  re- 
in, havb  supposeil  that  such  engines  were  not  used  in  the  time 
.,  and  that  the  figure  and  description  were  inserted  in  his  work  as 
I  hints  for  future  iiiechnnicians  to  improve  on  ;  but  tlie  description 
ently  indicates  that  similar  machines  were  in  actual  use.''  The  ma- 
tonj  workmanship  of  the  pumps — metallic  pistons  and  spindle  valves, 
I  guards  to  prevent  tJie  latter  from  opening  too  far;  the  mode  of  I'orm- 
Wie  goose- neck  by  a  kind  of  swivel  joint,  somewhat  like  the  union  or 
liing  screw;  the  application  of  an  air  vessel;  lw.5  pumps  forcing  water 
birh  one  pipe,  and  both  worked  by  a  double  lever,  are  proofs  tiiat  the 
bine  described  by  Heron  was  neither  an  ideal  one,  nor  of  recent 
I  or  use.  There  are  features  in  it  that  were  very  slowly  developed 
auufoclurers  in  modern  times.  It  is  not  at  all  improbable  that  an- 
t  engines  were  equal  in  eftect  to  the  best  of  ours  ;  but,  whether  they 
for  not,  one  thing  is  certain,  that  to  the  ancients  belongs  the  merit  of 
(rering  the  principles  employed  in  these  maclitnes  and  of  upplyitig 
r  practice.  It  is  reinnrk.ible  too,  that  fire  engines  made  their  first 
mce  in  Egypt,  thus  adding  another  to  the  numerous  obligations 
Wili'T  which   that  wonderful  country  has  placed  civilized   nations   in   all 

Kto  come, 
iring  noticed  the  use  of  pumps  to  ertinguUIi  fires  in  ancient  M-arfare, 
ly  n^raark  lliat  they  were  also  em|>h»yed  in  the  middle  ages,  if  not 
Wure,  to ^ruidn^f  confiagraliiins,  viz:  lo  laiich  streams  o(  Greek Jire.  This 
Cy5teriou3  substance  is  represented  as  a  lirpiid  :  Beckman  says  it  cer- 
l»t»l^'  waa  one  ;  and  so  far  from  being  quenched,  its  violence  was  aug- 
^;entcd  by  contact  with  water.  It  was  priiifipiilly  employed  in  naviil 
imbats,  lieifijT  enclosed  in  jar?  ".h.-it  were  thrown  into  the  hostile  vessels, 
twos  also  blown  through  iron  and  copper  tubes  planted  ^n  the  prows  nf 
^ers  and  fancifully  shaped  like  the  moulhs  nf  animals,  which  set'ined  lo 
Oinit  streams  of  liquid  fire.  Then'  is  among  the  figures  of  war  machines 
I  ttis  old  German   translation  of  Vegetius  already  mentioned,  one  that 


pinalia.  p.  70. 

'  auteai  quibiw  tin'ntiir  ad  inrendia  hoe  niado  i<on<trniintr.r, — Il<id 
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Qiiilgiiig  from  the  flaines  issuing  from  monstrous  animals*  motiths)  sornij  x 
have  lieeii  designed  for  projecting  Greek  fire,  though  it  is  difficult  to  p(•^ 
coive  how  it  was  done.  Another  mode  oi  using  this  tcrriijle  matcnal 
was  hy  forcing  it  in  jets  "  by  means  of  large  fire-engines,"  and  somctirDe! 
"the  soldiers  squirted  it  from  hand  engines."  Its  effects  upon  those  on 
whom  it  was  thrown,  seem  to  have  been  somewhat  similar  to  tliose  pni' 
duced  by  the  composition  of  alcohol  and  spirits  of  turpeniine  recently  aJop!- 
ed  as  a  substitute  for  oil  in  lamps,  and  which  has  occasioned  so  many  fatal 
disasters,  by  the  explosion  of  vessels  containing  it  and  its  coiisei]ueril  dii- 
persion  over  the  persons  of  the  sufferers.  It  was  easy  (says  Bcckmanjlit 
conceive  the  iaea  of  discharging  Greek  fire  by  means  of  forcing  pum|>9, 
because  the  application  of  them  to  extinguish  fires  was  known  lung  Irj'on 
its  invention.  It  is  su|>posed  to  have  originated  with  Callinicus,  a  Syrian 
engineer  of  Balbcc,  in  the  7th  century.  It  may  however  have  been  koown 
to  tlie  old  Greeks  an  J  Romans,  for  they  made  use  of  similar  devices  fo: 
projecting  fire  :  Montfa\icon,  in  describing  their  marine  combats,  observci 
"  another  mode  of  annoying  enemies'  ships  was  by  throwing  .iri?  thrn'in, 
which  they  did  after  different  ways,  some  using  for  that  purpose  tijilitmei, 
and  fire  buckets,  others  threw  in  pots  filled  with  fire."  From  an  expt«^ 
sioii  of  Dr.  G.  A.  Agricola,  a  |)hysician  of  liatisbon  of  the  last  century,  in 
a  work  on  Grardcning,  (see  page  127  in  Bradley's  translation)  it  woulil  ip- 
pear  n»  if  something  like  the  Greek  fire  was  then  in  use.  Enumer.itinj 
several  pernicious  inventions,  he  notices  "  That  inferni'  one  of  gunpowder. 
How  many  cities  and  fortresses  has  it  mined  '{  How  many  thousands  of 
men  has  it  destroyed  I  And  what  is  most  deplorable  is,  that  this  art  growi 
more  and  more  complete  every  day,  and  is  brought  to  that  perfection,  thai 
in  Holland  and  some  other  parts  they  have  FlRK  pumts  filled  with  burning 
comjiositioiis,  wherewith  they  eject  fiery  torrents  to  a  great  distance, 
which  may  occasion  dreadfui  and  irreparable  damages  to  mankind." 

Fires  and  wars  have  ever  been  deemed  the  most  awful  of  earthly  cala- 
mities, and,  unfortunately  for  our  race,  they  have  too  often  been  united, 
for  warriors  have  generally  had  recourse  to  the  former  to  multiply  the  mi- 
series of  the  latter;  and  in  almost  every  age  cities  have,  like  Jericho  and 
Ai.  Hebron  and  Ziglag,  Troy  and  Thebes,  Carthago  and  Athens,  SagUD- J 
turn  and  Bagdat,  been  burnt  with  fire;  and  in  some  cases  "  all  the  soull^ 
therein  destroyed" — "cities  burned  without  inhabitants."  It  was,  we  be 
lieve,  from  the  horrible,  the  inconceivable  suffi?ring.-<  endured  on  si;ch  oc- 
casions, that  much  of  the  thrilling  imagery  of  the  Bible  was  derived.  To 
the  offending  .Tews,  God  was  represented  as  "a  consuming  fire,"  and  they 
were  urged  to  rejientanco  "lest  his  fury  come  fiirfli  like  fire,  and  bum, 
that  none  can  ijuench  it — lest  he  break  out  like  fire  in  the  house  of  Joseph  . 
ami  there  be  none  to  tpiench  it  in  Bethel ;"  and  some  of  the  subjimest  ePJ 
fusions  of  the  prophets  have  reference  to  "  firebrands,  arrows  and  deBtli* 
— to  "  blood  and  fire  and  pillars  of  smoke."  In  modern  times,  it>o,  \v»r»| 
riors  have  been  the  grcat<'3t  incendiaries :  hamlets,  towns  and  cities  ha»6 
been  wantonly  consumed,  and  the  "  gallant"  actors  have  made  the  »ii 
shiver  with  their  shouts  of  acclamation  on  witnessing  the  spreading  coif^ 
flagnition.  Well  did  the  ancients  represent  Mars  fierce  in  as[>ect,  braiffl 
dishing  a  spear,  and  drivin;^  in  his  chariot  o'er  mangled  corses,  oniid  die  ' 
cianjror  of  arms  and  the  shrieks  of  the  "lying — Fear.  Terror  and  Discord  ; 
in  his  train,  while  hcfdre  went  Bellona,  with  her  hair  loose  and  clolttHi  J 
with  gore,  and  a  fircbr.ind  in  her  hand.  And  llieise  are  the  demons  th«l^ 
men  professing  Christianity  worship  willi  all  the  fervor  of  deluded  hea- 
then ;  and,  what  will  in  future  times  ajvpear  .ncredible,  they  demand  re- 
verence for  the  act,  and  they — receive  it !     Strange,  that  notwitlistaiiding 
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lie  boasted  superiority  of  the  age  and  the  benign  spirit  and  precepts  of 
flieion — the  jinifcxiutit  of  war — tlie  most  prolific  source  of  human  misery 
Mil  crime,  is  still  deemed  bocorable  ;  and  men  under  whose  tyranny  na- 
liODS  and  iiroviuces  groan,  and  by  whom  human  life  is  extingaished  riot 
only  witlmut  remorse  but  wit]i  IndllTcrence,  are  permitted  to  take  prcce- 
Jeiice  in  moral  society.  Crates  was  certainly  correct  when  he  intimated 
liHi  WTirs  would  never  cease  till  men  became  convinced  of  the  folly  and 
<i  of  allowing  tliemselves  to  be  driven  as  soldiers  like  sheeo  to 
.  iler,  or  like  wolves  to  devour  each  other — but  as  he  expressed 
,  not  till  lueu  become  sensilile  that  generals  are  only  cm  drircra. 

As  Greek  fire  ]>recedcd  gunpowder  in  Europe,  so  [junips  or  the  'spout- 
ig  engines'  for  projecting  it  may  be  considered  the  forerunners  of  guns: 
M  even  possible  that  the  first  idea  of  the  latter  (supposing  tliey  were  not 
troducej  from  the  east)  might  have  been  derived  from  accidental  explo 
los  of  the  liquid  in  the  pump  cylinders,  when  llie  pistons  would  of  course 
!  driven  out  of  them  like  L«lls  out  of  cannon.     But  be  this   as  it  may, 
loagh  has  been  adduced  to  show  that  the  forcing  pump  and  its  modilica 
tns  Lave  exerted  no  small  degree  of  influence  in  ancient  wars  and  con 
quently  in  the  affairs  of  the  old  world. 

Although  tlie  police  and  other  arrangements  for  the  actual  suppression 
fires  in  ancient  Rome  are  not  well  ascertained,  some  interesting  particu 
:»  are  known.  A  body  oi  Jlrcmcn,  named  matricularii,  was  established 
hose  duty  it  was  to  extinguish  the  flames.  Similar  companies  were  also 
gaiuzed  in  provincial  cities.  This  appears  from  Trajan's  reply  to  Pliny 
spectiug  the  formation  of  one  in  Nicomedia,  and  from  wliich  we  learn 
at  tliese  ancient  firemen  fretjucnily  created  disturbances  by  tlieir  di;»en 
>ns  and  tumults.  Pliny  (the  younger)  was  governor  of  Bithynia  ;  aftei 
ring  thn  em]>eror  an  account  of  a  fire  in  Nicomedia,  a  town  in  his  pro 
nee.  he  continues,  "  You  will  consider,  sir,  whether  it  may  not  be  ad- 
sable  to  form  a  comp.my  of  firemen,  consisting  only  of  one  hundred  and 
ly  members.  I  will  lake  care  none  but  those  of  that  bujiinaa  shall  be 
Imittcd  into  it ;  and  that  tlie  privileges  granted  them  shall  not  be  ex- 
uded to  any  other   purpose.     As  this  corporate  boi'y  will  be  restricted 

BO  small  a  number  ol  members,  it  will  be  easy  to  keep  them  under 
•oper  regulations."  In  answer  the  emperor  sent  the  following  letter  : 
TmJA.v  TO  Pi.iNY. — You  arc  of  opiiiicjn  it  would  be  proper  to  establish 
company  of  firemen  in  Nicomedia,  agreeably  to  what  lias  been  prac- 
;cd  in  several  other  cities.  But  it  is  to  be  remembered  that  societies  of  this 
irl  have  greatly  disturbed  tlic  peace  of  the  province  in  general,  and  ol 
ose  cities  in  fmrticiilar.  Whatever  name  we  give  them,  and  for  what- 
rer  purpose  they  may  be  instituted,  they  will  not  fail  to  form  themselves 
to  factious  asisemblics,  however  short  their  meetings  may  be.  It  will 
eriifore  be  safer  to  provide  such  machines  as  are  of  service  in  cxtin- 
lishing  fires,  enjoining  the  owners  of  houses  to  assist  in  preventing  the 
ischief  from  spn^ading,  and,  if  it  should  be  necessary,  to  call  in  the  aid 
'  the  poptxlace."  Pliny's  Letters,  B.  x.  Ep.  42  and  43.  Melinoth's 
rsn«lation. 

The  direction  to  procure  "  machines  as  are  of  service  in  extinguishing 
res"  WM  in  consequence  of  Nicomc^dia  being  destitute  of  tliem — an  un- 
rtUB'te  circumstance  for  the  tiihabilants.  but  one  that  is  hardly  now  re- 
•etted  by  those  who  are  in  search  of  information  respectins;  fire-cngiiiei 
DODg  tjie  ancients  ;  since  it  led  Pliny  to  mention  them,  and  thcrel>y  af 
^L«s  a  proof  of  their  cmploymetil  by  the  Romans.  "  While  1  was  mak- 
jft  progress  [he  writes  to  Trajan]  in  a  different  part  of  the  pro^Tiice,  n 
OBt  uestructive  fire    broke  out  in  Nicuisedla,  which  not  only  consumed 
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several  private  houses,  but  also  two  public  buildtngv,  the  town  lioiiit-  ti 
the  temple  of  Isis,  though  they  stood  on  contrury  sules  of  the  strcni.  Jj 
I  cca«iijn  of  its  spreading  thus  wide  was  partly  owing  to  the  violenea' 
the  wind,  and  partly  to  the  indolence  of  the  people,  >\'ho,  it  anpeart,  ilg| 
fixed  and  idle  spectators  of  this  teriible  calamity.  The  truth  in,  liied 
was  not  furnished  with  eitlier  msifff,  buckets,  or  any  iiingle  iiiMnm 
proptjr  to  cxiinguish  tiros  ;  which  I  have  now  however  given  dirvedoi 
to  l)c  provided."  It  has  been  generally  imagined  (observes  Molmajl 
ihar  the  ancients  had  not  the  art  of  raising  water  by  engines,  but  tliis  m 
sage  seems  to  favor  the  contrary  opinion.  Tlie  word  in  the  origw 
[for  engine]  is  sipho,  which  Hesychius  explains  imtrumentum  aJ javttm 
du3  aijuas  aili-ersiu  inctndia — an  instrument  to  throw  up  water  tgiii 
fires.  But  there  is  a  passage  in  Seneca  which  seems  to  put  the  nitOi] 
beyond  conjecture,  though  none  of  tlie  critics  upon  this  place  have  ttlu) 
notice  of  it.  Solemus  (says  he)  duabus  manibus  inter  sc  juncrns  mnm 
coneipere  et  compressa  ulrinquc  palma  in  modum  ."-iphonis  exprii?i»-rc.  0 
N.  ii,  16,  where  we  plainly  see  the  use  of  this  sipho  was  to  ilirowq 
water.  In  the  French  translation  of  De  Sacy,  (Paris  1809,)  rhp  vrnrdii 
rendered  pvmp.t  : — "  D'ailleurs,  il  n'y  a  dans  la  ville,  ni  jmmprt  iti  M<m 
publics,  enfin  nul  autre  des  instrumens  necessaires  pour  ^leindre  Ic4  fin 
brasemens."  And  Professor  Beckman  quotes  both  Hesychius  ami  ImiIht 
to  prove  that  "  a  fire-engine,  properly  so  called,  was  understood  in  ihf  4(1 
and  in  the  7th  centuries  by  the  term  tipliu,"  and  we  may  add  lliBt  Apj 
cola  in  ihe  10th  century  designated  syringes  for  extinguishing  fires  li\  il 
same  term.     Heron's  engine  is  also  named  a  siphon.     See  note  p.  ;JU7. 

From  an  expression  in  iho  letter  of  Pliny  just  (juoted,  we  le»m  llii 
men  were  regularly  brought  up  to  the  art  of  extinguisliing  fires,  the  am 
as  to  any  other  profession  :  Of  the  company  that  he  proposed  to  e»i»!i 
lish,  he  remarks,  "  I  will  take  care  that  none  but  tliose  of  tlial  /nutrt 
shall  be  admitted  into  it."  The  buildings  in  ancient  Rome  were  \'T 
high,  the  up[>er  stories  were  mostly  of  wood,  and  the  streets  and  laiiei 
were  extremely  narrow,  hence  the  supjiression  of  confliigrations  llitt 
must  have  been  an  ardunus  business,  and  one  that  required  extraordiMrJ 
intrepidity  and  skill  ;  qualilicalions  that  could  only  be  obtained  by  expp 
rien«'e.  Besides  engines  for  tlirowiiig  water,  the  firemen  used  spnntfrini 
rnops^  fixed  to  the  end  of  long  poles,  and  they  had  grapples  and  nlliW 
instruments  by  means  of  which  tliey  could  go  from  one  wall  to  amiilitr, 
(Encyc.  Antii].)  Of  the  great  elevation  of  ihe  houses  several  Honini 
writers  speak.  Seneca  altrilmted  the  difficulty  of  extinguishing  fii-e*  t* 
ihig  cause.     Juvenal  mentions 

Kuuf*  t)iat  innke  one  giddy  to  look  down.     Sat.  vi 

When  the  city  w:is  rebuilt  after  the  great  conHagration,  (sum)os«(l  lo 
have  beirn  induced  by  Nero.)  the  height  of  the  houses  was  fixed  at  »jmit 
•evenly  feet.  These  were  raised  to  a  certain  heis;ht  without  wood,  bring 
arched  with  stone,  and  party  walls  were  not  allowed.  That  rirei  wew 
constantly  occurring  in  old  Rome  is  well  known.  Juvenal  rej>ea'eillf 
nieiilions  tlie  fad  ;      Thus  in  his  third  satire: — 

Iltiiiie,  u'liere  one  heam  tlie  nerlaitin/r  sonnd 


And 


again : 


Of  lii-.i)m  and  rafters  tiDimlcriiig  lo  the  ground, 
Amid  alnriim  liy  dn/  and  lean  by  uiglit 

But  In  ;  die  Raines  bring  yonder  mnnnion  dowc  ' 
Tilt"  dirt"  disa^'ler  i-clioes  tliroiiijli  ttii!  town  ; 
M<^n  li»ok  tt»  iri'or  ^aleiiin  funeral  dud. 
Ni>>v.  now  uitloed  these  nightly  fire*  are  sad. 
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Their  frequency  induced  Augustus  to  institute  n  body  of  watclimen  to 

piard  a^^aiust  ttieni,  and,  (Vain  th<?  Ibllowing   lines  of  Juveniil,  it  uppnats 

tt  wealthy  pKtricians  had  servants  to  watch  their  homes  during  the  night 

With  l>!ickHLi  rniigcd  the  rcndy  wrvants  iland, 
Akrt  ut  mvlnight  iiy  tlieir  loril*'  coiiiiimatl.      Hal.  xir. 

[Aa  every  calamity  that  befalls  mankind  is  converted  by  some  men  to 
cir  own  advantajje,  so  the  numerous  fires  in  Rome  led  to  the  detestable 
practice  of  speculating  on  the  distresses  they  occasioned.  Thus  Crassus, 
the  consul,  who,  from  his  opulence  was  surnamed  the  Ri<:k,  gleaned  his 
immense  wealth,  according  to  Plutarch  "from  war  and  from  Jlirii ;  he 
made  it  a  part  of  hi*  business  to  b\iy  houses  that  were  on  tire,  luid  others 
that  ji>med  upon  them,  which  he  commonly  got  at  a  low  price  on  account 
of  the  tear  and  distress  of  the  owners  hbout  the  event."  But  the  avarice 
of  Crtissu.*,  as  is  the  case  with  thousands  of  other  men,  led  to  his  ruin. 
With  the  hope  of  enlarging  his  possessions,  he  selected  the  |)rovince  of 
Syria  for  his  goveniment,  or  rather  for  his  extortion,  because  it  .seemed  to 
promise  him  an  inexhaustible  source  of  wealth  :  but  by  a  retributive  Provi- 
dence his  army  was  overthrown  by  the  Parlhians,  whom  he  allempted  to 
sulxiuc,  atid  who  cut  oil'  his  head,  and  in  reference  to  his  passion  tor  gold 
fused  a  quantity  of  that  metal  and  poured  it  down  his  throat. 

Among  other  precautions  for  preventing  fires  from  spnfading  that  were 
■donted  in  Rome  on  rebuilding  tlie  city,  was  one  requinng  every  citizen 
to  keep  in  his  house  "  a  machine  for  extinguishing  fire."  What  these  ma- 
chines were  is  not  quite  certain,  whether  buckets,  mops,  hooks,  syringes 
or  portable  pumps.  That  they  were  the  last  is  supposed  to  be  proved 
by  a  passage  in  the  writings  of  Ulplan,  a  celebrated  lawyer  and  secretary 
tliu  Kmperor  Alexander  Severus,  wherein  he  enumerates  the  thing* 
thu  belonged  to  a  house  when  it  was  sold,  such  as  we  nr.me  fixture^^, 
and  among  them  he  mentions  BirilONF.s  etnpUii/cd  in  cxtinguiiliiag  JirrM, 
Bcckman  thinks  the  leaden  pipes  which  conveyed  water  into  the  houses 
for  domestic  puqioses  might  l>e  intended  ;  but  ihcy  would  hardly  have 
been  d<!signated  as  above,  merely  because  the  water  conveyed  through 
iiem  was  occasionally  used  to  put  out  fires.  This  was  not  tlieir  chief  use, 
Bt  an  incidental  one.  That  they  were  pumps  or  real  fire-engines  was 
He  opinion  of  Alexander  ab  Alexandro,  a  leiirne<l  lawyer  of  the  16th 
century  ;  an  opinion  not  only  rendered  probable  by  the  terms  iistnl  atiil 
the  necessity  of  such  implements  for  the  secttrity  of  the  upper  stories, 
which  neither  public  engines  nor  streams  from  the  aqueducts  could  reach, 
but  also  from  the  apparent  fact,  that  syringes  or  portalilc  puitips  Imve  al- 
ways l>een  kept  (to  a  greater  or  less  extent)  Im  dwellings  liuin  Ilomim 
times.  And  n  sufficient  reason  why  they  should  penerully  be  sold  with 
the  houses,  might  be  found  in  their  dimensions  being  regulated  according 
to  those  of  the  buildings  for  which  they  were  designed. 

The  population  of  Rome  was  so  great  that  the  area  of  the  city  could 
not  furnish  sites  suHicient  for  the  houses  ;  and  hence  (as  Vitnivius  has  ol 
served,  B.  ii,  cap.  S)  the  height  of  the  walls  was  increased  in  order  lo 
iqiiltiply  the  number  of  stories — '  for  want  of  rf>onfi  on  the  earth  the  build- 
ings were  extended  towards  the  heavens.'  Portable  fire-engines  wero 
therefore  particularly  requisite,  in  order  promptly  lo  extinguish  fires  on 
their  first  appearance,  whetlier  in  the  upper  or  lower  floors.  In  the  latter 
caiM.',  when  this  was  not  done,  the  people  in  the  higher  stories  would  be 
cut  off  from  relief  and  the  means  of  escape.  Were  some  of  our  six  and 
leven  story  buildings  in  the  narrow  streets,  densely  filled  with  human 
beings,  and  a  raging  fire  sudden'v  to  burst  out  on  the  ground  floors,  tlij 
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proWiilily  is  that  many  lives  would  be  lost,  notwiilistaiiclijig  tl  c  grc* 
number  of  our  public  engines,  and  hose  and  ladder  compauics.  Juvitiul 
intimntes  the  distressed  situation  of  those  dwelling  above  under  vuk 
eircumstaiices. 

Hark  !  where  Ueiilegoii  for  waler  cries 

Ciut<  out  liiM  ctiatielti,  froin  the  peril  tlien. 

Dense  suioko  is  Uuratiiig  from  U\<i  fioar  biiinc.     Sat.  iii. 

However  perfect  or  imperfect  hydraulic  and  hydro-pneumatic,  eiigiiiei 
in  ancient  Alexandria  mid  Rome  may  have  been,  it  is  certain  that  these 
machines  and   the  arts   related    to  them  experienced  the  withering  influ- 
ence of  that  moral  and  mentul  desolation  which  raged  throughout  Kurop* 
during  the  liar/c  oges.     The  decline   of  learning  was  necessarily  accoc> 
psnied  with  a  corresponding  decay  in  all  the  useftd  and  ornamental  art»'. 
■oine  of  these  have  disappeared  altogether,  and  have  never  been  rerovw 
ei.  so  that  the  attjiinments  of  tlie  ancients  in  them  have  perished.   But  llro 
ix>nnection  between  literoliire  and  the  arts  was  as  apparent  in  their  remn- 
ntion  OS  in  their  diclension — if  they  departed  together  they  also  returned 
in  company.     The  revival  of  learning  not  only,  led  to  the  introducunn  of 
printing  and  the  invention  of  the  press,  but  it  hirnishcd,  in  the  muliiplict- 
tion  of  ancient  manuscripts,  then  extant,  immediate  eni]iloyTnent  for  liolLi 
and  although  it  may  be  supposed  that  there  can  be  litt'e  or  no  relation  be 
tween  Greek  or  Latin   manuscripts  and  mo<icm  firc-en^nes,  yet   there 
really  is  an  intimate  one,  for  it  is  all  but  certain  that  die  first  idea  of  these 
machines  as  now  made,  was  derived  from  Heron's  Spiritalia  ;  just  as  the 
application  of  double  and   treble  forcing  pumps  in  modern  water-works, 
was  from  Vitruvius'  treatise  on   architecture.     The  priming  press,  thew- 
fore,  not   only  opened   the  literary  treasures  of  the  ancients  to  the  work 
at  large,  which  had  previously  been  confined   to   a  few,  but  at  the  sam' 
time  it  made  us  acquainted  with  some  of  their  machinery  and  iheir  arts, 
that  had  long  been  forgotten  or  lost  sight  of. 

Fire-engines  were  nearly  or  altogether  forgotten  in  the  middle  ages 
porl;d)le  syringes  seern  to  have  been  the  only  contrivances,  except  buckets, 
for  throwing  water  on  fires,  and  from  their  inefficiency  and  other  causes, 
their  einpUiyincnt  was  very  limited.  The  general  ignorance  which  iher 
pervaded  Europe  not  only  prevented  the  establishment  of  maimfactorics 
of  better  instiumeiits;  but  the  superstitions  of  the  times  actually  discouraged 
their  use.  Tliere  is  not  a  more  singular  fact  (and  it  is  an  incontrovertible 
one)  in  the  history  of  the  human  mind,  than  that  the  religious  di>ctrine« 
and  opinions  of  a  large  portion  of  mankind  should  have  in  every  a^e 
produced  the  most  doptoraltle  results  with  regard  to  conflagrations.  The 
Ptirsees,  Gliebres,  &c.  of  Asia,  and  ollu'r  religious  sects,  which  have  sub- 
sisted from  the  remotest  ages,  never  willingly  throw  water  upon  fires 
they  consiiler  it  criminal  to  <|ueiich  it,  no  matter  how  disastrous  the  result 
may  be :  they  liad  rather  perish  in  it  than  thus  extinguish  the  emblem  of  the 
Deity  they  worship.  "  I'hey  would  si>oner  be  persuaded  to  pour  on  oyl 
to  inciciLsc,  th.iii  water  to  assuage  the  flame.""  Among  such  peonie  dm- 
engines  of  course  were  never  used.  Another  and  a  larger  part  of  tlto 
hiim.nn  race  thcuigh  they  entertain  no  such  reverence  for  fire,  are  so 
far  influenced  by  the  pernicious  doctrine  of  Fatalism,  as  to  make  little  or 
no  efforts  to  suppress  it.  They  look  upon  fires  as  the  act  of  God  !  deter 
mined  by  him  !  and  therefore  conclude  it  useless  to  contend  witli  him,  in 
Mtempling  to  extinguish  those  which  He  has  kindled  !  Hence  the  pro- 
verbial indifference  of  Maliommedans  in  the  midst  of  conflagrations.   W  bat 


■  Ovirigton's  Voyugei  lo  Sumt  in  J689,  page  372. 
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To>,^n  iias  sail  of  Sunt  in  particular,  is  applicable  lo  every  city  of  Acia 
inc  pf  the  East.  "  Many  fine  buildings  have  boon  destroycJ  by  fire, 
which,  according  to  tbfi  MahunimL'dau  doctrine  of  prudobtiimliun,  it  is  in 
viiin  to  vrillislaiid."  Ol'lho  Chiiiose,  by  fur  the  shrcwdfsl  uf  Asiatics,  Mr 
Dtvis  remarks,  "  The  fuoiisb  notion  uf  fatalism  which  prevails  among  the 
[i*oj>.t'.  makes  ihpm  sinjoilarly  careless  as  regards  (ire  ;  and  the  frequent 
oecuirtncc  of  accidents,  bus  no  effect  upon  them,  although  tlic  fearful  con 
Haer^ition  of  1S2'2,  \vei:l  far  lo  destroy  the  whole  city,"  (Canton.) 

The  miserable  delusions  which  ecclesiastics  established  in  Europe  dunng 
tlie  middle  ages  were  quite  as  preposterous,  and  equally  effective  in  par- 
ftltzing  the  energies  of  the  people.  It  is  dilKcult  to  redi.-ct  on  them  without 
freling  emotions  of  wonder  as  well  as  pity,  at   the  wretched  conditicm  of 
our  race  when  void  of  knowledge  ;  and  of  gratitude,  tlmt  in  our  times  iho 
""sckles  of  ignorance  and  superstition  are  rapidly  rusting  away.     It  waK 
;ommor.  belief  that  fires  (and  various  other  calamities)  were  induced  by 
.icked  spirits,  and  that  the  Ijest  mode  oi'  removing  the  evils  was  by  driv- 
ing the  authors  of  them   away  I      These    intangible  workers   of  mischief, 
■cconlin^  In  the  demonologistj)  of  the  times,  consisted  of  numerous  classes. 
Mid  the  laljors  of  each  were   confined  to  certain  elements.      It  was  those 
•^ho    roamed    in   llie   u/V  that   were   llie    greatest   incen<iiarics.     "  ArriuU 
(pints,  or  divellf,  are  such  as  keep  quarter  most   part  in   the  niie  [tlioy] 
cause   many  tempests,  ihundei'  and   lightnings,   teare   onVva.Jirv  tIcriAea, 
kmurs"  tic.      (See  Burton's  Anatomy  of  Melancholy.)      When    a   house, 
therefore,  was   on  fire,  tlic   pnests,  instead  oi  stimulating  by  their  exam 
pic  tlic  by*tandprs  to   exert  themselves  in   obtaining  water,  &c.  had   re 
coarse  to  the   images  and  pretended  relics  of  saints,  which  they  brought 
out  oftlie  churches,  in  order  to  exert  their  influence  in  stopping  the  pro- 
|rres«  of  the  flames,  and  expelling  the  invisible  authors  of  them.   The  pall, 
or  sacred  covering  of  the  altar,  was  also  fie<|uenlly  carried  in  procession, 
to  contribute  to  tlie  overthrow  of  the  fiends.     But  when  a  church   ilseH 
took  fire,  (such  was  the  ignorance  of  the  times,)  the  jieople   then  heartily 
blasphemed  l}ic   saint   to  wlicun   it  w.as  dedicated,  for  hot   preventing  the 
mischief;  (Encyc.  Antiq.)  like  Sylla  abusing  the  image  of  Apollo  when 
he  was  defeated  in  battle. 

Other  curious  but  popular  substitutes  for  water  and  fire-engines,  were 
church  Bell*:  these  were  consecrated  with  imposing  ceremonies.  They  were 
washed  inside  and  out  with  holy  water — perfumed  with  censers — anointed 
with  sacred  oil — named  and  signed  with  the  cross,  that  devils  (says  the 
ritual)  "  hearing  this  bell  may  .tremble  and  flee  from  the  banner  of  the 
cross  designed  upon  it."  Besides  striking  demons  with  horror  and  driving 
thera  from  the  vicinity,  these  bells  had  the  wonderful  power  of  allaying 
storms,  tempests,  thunder  and  lightning,  ar.d  extinguishing  fires ;  and 
torne  of  thera  had  the  rore  gift  of  ringing  on  important  occasions  of  tlieii 
own  accord.'  M.  Anjgo,  in  a  paper  on  Thunder  and  Lightning,  inquires 
(among  otlier  alledged  means  of  dissipating  thunder  clouds)  into  this  old 
*iijt«r«tltion  of  "  Rinijing  of  Bells ;"  and  he  cites  specimens  of  prayers, 
uUl  offered  up,  on  their  consecration,  according  to  the  Paris  Ritual,  "  O 
6t«nuil  OimI  !  gi-ant  that  the  sound  of  (his  Bell  may  put  to  flight  the  fire 
strokes  of  the  enemy  of  iniin,  the  thunder  bolt,  the  rapid  fall  of  stones,  ai 
well  as  all  disaster*  and  tempests."   In  the  "Golden  Legend"  of  W'vnken 

e  evil  spiryles  th.it  lx.-n 
here  the  Belles  ringeu: 


Je  Worvle,  the  old  English   printer,  it  is  said  "  th 
u>  the  region  of  th'  ayre,  doul^te  moche  when  tlicy 


■  8er  a  pnrliciilar  nccoiiiil  or  ilia  cereniniiio  orcon<ecrettng  belU  as  wiloesseil  by  itit 
inthor  of  "  < >b»er> at  oui  ou  a  Jouiiiejr  lo  Nnpltrs."     Loo.  16U1, 
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and  this  is  the  cause  wliy  the  Belles  ringen  whan  il  thondreth.  anj  wha»«% 
grete  temfieslo  luid  rnges  of  wether  happen,  to  the  end  that  tht;  feiiids  »•»  <d 
wycked  sjiirytes  should  ben  abashed  and  flee,  and  cease  of  the  niovyn^— ? 
o('  tempcsle."  The  following  lines  lo  the  some  eflect,  are  from  iiarui»l»  ^ 
Qoa|{e,  an  old  British  poet : 

U'llial  the  Itnirider  cliniince  tn  rore, 

And  ritortiiie  t«ui{ie«te4  sbuki;, 
•  ••■•• 

Th«  cinrke  dull)  nil  tliK  helle*  Torlhwith 

Al  orice  in  )ilKe|ilc  ring  ; 
Willi  wondroiiM  .xiiiiid  iiitd  deeper  forrs 

'I'liaii  hi*  w.-i-i  worn  hel'orr. 
•  Till  III  lhi>  lipftii'  liciivi'iii  durke, 

Thti  UmtidiT  liray  no  niiire. 
F<ir  in  iheae  Glirixiiii'd  belles  lliev  lliiuk* 

DoUi  lie  Biioli  pinvre  niid  luiglil 
An  tihle  U  ihe  leiiii»f^!«le  ^rt^at. 

And  siloriiiu  la  vani|iii>h  qiiight 

The  appl'cation  of  bells  (o  the  purposes  of  fire-engines  is  also  nicnt.or.  id 
b}'  I'fter  Miiityr,  in  his  "  Common  Places,"  a  work  dedieated  to  Queen 
Eliziilx'tii.  Black  teller,  luS3.  Speaking  of  things  consecrated  hv  pa- 
pists ill  common  with  the  ancient  heathen,  he  says  of  bclU — "  they  be 
washed,  they  lje  annointed,  they  be  conjured,  they  are  named  and  handled 
with  far  greater  pomp  and  arabition,  than  men  arc  when  they  arc  b»p- 
tiled,  and  more  is  attributed  to  them  than  to  the  prayers  of  godly  men. 
For  they  say,  that  by  the  ringing  of  tlieiti — the  wicked  spirits,  the  host  l1 
adversaries,  tlie  liiying  await  of  enemies,  tempestes,  hayle,  stomies,  whirl 
windes,  violent  blaslcs  and  hurlfull  thunderclaps,  are  driven  away,  flaum 
and  FIRES  arc  cx/(«^KM//ti/,  and  finally  whatever  else  soever!"  Part  iv, 
cap.  9,  p.  125. 

There  is  no  small  ringing  of  bells  in  this  city  (New- York)  during  fires; 
but  their  unaided  effects  on  the  devouring  element,  ere  other  means  have 
arrived,  ha.s,  we  believe,  been  but  small.  Few  have,  however,  been  cou- 
secnited  ;  but  as  from  one  to  two  hundivd  Spanish  bells  have  recently 
been  sold  here,  (having  been  taken  from  the  convents  in  consequence  ol 
the  civil  war  which  has  so  long  raged  in  iliac  country,)  thin  virtue  of  sacrt-J 
bells  may  soon  be  tested.  Certainly,  if  they  can  do  a  moiety  of  the  good 
things  mentioned  above,  they  were  worth  much  more  than  forty  cents  per 
lb.  the  average  price  at  which  they  were  gold. 

We  iiave  had  recourse  in  a  few  instances  to  heraldiy,  or  rather  lo  the 
emblems  or  perstinal  devices  of  ancient  families,  for  information  respecting 
machines,  some  of  which  are  no  longer  in  use ;  as  the  eolipile,  and  the 
atmospheric  sprinkling  jxit:  see  pages  261  and  396.  Besides  these  the 
syringe  and  the  bellows  have  al.so  been  adojited  on  such  occasions;  and  il 
may  be  here  observed  that  the  device  of  Galeaz,  duke  of  Milan,  the  second 
of  the  name,  was  a  Inand  burning  and  two  fire  buckets  *  This,  although  no 
proof  that  machines  of  the  pump  kind  were  not  in  a^e  lo  extinguish  fires 
in  Italy  duriiTg  the  l.ith  century,  is  an  indication  that  none  were  employed 
at  the  time  when  the  device  was  adopted. 

The  oldest  sketch  of  a  com(>k-le  set  of  apparatus  for  extinguishing  fir-- 
that  we  have  seen,  is  in  a  cut  representing  tlie  interior  of  a  laboratory  J' 
■melting  furnace,  in  the  De  Re  Metallica  of  Agr'.cola,  page  308.  I'fc 
iniplements  are,  a  syringe,  a  sledge  hammer,  two  fire  hooks  and  three 
leathern  buckets  ;  conveniently  arranged  against  a  wall.  See  the  annexed 
illustration.     These  figures  seem  to  have  escaped  the  notice  of  BeciLaian 


•  Devices  Heroiques.     A  Lyoa-  1577,  pMte  50 
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•ad  snSneqapnt  anthors,  nor  i«  this  surprising  since  tlicy  form  a  very  smal 
Vi(i  ohscure  part  of  the  original  engraving.  We  nciliceJ  the  latter  several 
*"<«  before  observing  them.     The  syringe  was  niiide  of  bmss  ;  it  is  ile- 

sitjnatcd  siphvncvlm  ori- 
c/iiilfciu,  CUJU4I  yty-i  est  in 
inrrniliit.  In  these  figures 
we  behold  ul'.  tliiit  was 
preserved  llrough  iho 
middle  iiges  of  uncieut 
firemen's  machinery  :  llie 
engine  of  Heron  seems  to 
have  been  quite  forgotten. 
Indeed  the  syringe  itself 
was  not  generally  used  in 
Europe  till  late,  for  it  was 
not  till  the  close  of  tlie 
16th  century  that  *'  hand 
s<|uirts,"  as  they  were 
named,  were  introduced 
into  London.  Previous  In 
lliattime  WHtchmen.buck 
ets,  hooks  and  ladders,  on- 

.No.  Ui.  Pi,.o.«'.  Ap,,.„,„.  fro»  AjricW..  ,y  ^.^^^    ;„    „^,,         Cultiug 

away  with  axes  and  throwing  water  from  bucketj  are  mentioned  (observes 
Fosbroke)  by  Peti'onius  ajiil  Ciervase  of  Canterbury.  The  owners  of 
houses  or  chimneys  that  took  fire  were  fined ;  and  men  were  ap)>()inted  Ip 
watch  for  fires  and  give  the  blarm.  In  1472  a  night  bellman  wiis  em 
ployed  in  Exeter  to  alarm  the  inhabitants  in  case  of  fire,  and  in  1558, 
leathern  buckets,  ladders  and  crooks,  were  ordered  to  Ik?  provided  for 
the  (./une  city ;  no  application  of  the  pump  seems  to  have  been  then 
thoufflit  of. 

Syniiges  continued  to  be  used  in  London  till  the  hitter  part  of  the  17tJi 
cenfury,  when  they  were  superseded  by  more  perfect  mitclunes.  An  ac- 
eonnf  nf  them  and  the  mode  of  working  them  would  make  a  modern  fire- 
man smile.  They  were  usually  made  of  brass  and  held  from  two  to  four 
qiian>.  The  smaller  ones  were  about  two  feet  and  a  half  long,  and  an 
inch  und  a  half  in  diameter  ;  the  bore  of  the  nozzles  being  half  an  inch. 
T/trrr  men  were  required  to  work  eiich,  which  they  achieved  in  this  niiin- 
ner  :  two,  one  on  each  side,  grasped  the  cyhiider  with  one  hand  and  the 
nozzle  with  the  other ;  while  the  third  one  worked  the  piston  !  Those 
who  held  the  instrument  plunged  the  nozile  into  a  vessel  of  water,  the 
0|H;rator  then  drew  back  the  piston  and  thus  charged  the  cylinder,  and 
when  it  was  raised  by  the  bearers  and  in  the  reipiired  position,  he  pushed 
In  the  piston  and  forced,  or  rather  endeavoured  to  force,  the  contents  on 
the  fire.  We  are  told  that  some  of  these  syringes  are  preserved  ir  one 
or  two  of  the  parish  churciies.  It  can  excite  no  surprise  that  London 
should  have  been  almost  wholly  destroyed  in  the  great  fire  of  1C6G,  when 
such  were  the  machines  upon  which  the  inhabitants  chiefly  depended  for 
protecting  their  property  and  dwellings.  If  the  diminutive  size  of  these 
instruments  be  considered,  the  number  of  hands  retjuired  to  work  each, 
Desiile  others  to  carry  water  and  vessels  for  them,  the  difficulty  ami  often 
impossibility  of  approaching  sufficiently  near  so  as  to  reach  'he  flami-s 
with  the  jet.  the  loss  of  part  of  the  stream  at  the  beginning  and  end  of 
each  stroke  of  the  piston,  and  the  trifling  effect  produced — the  whole  act 
fT  using   them,  appears  mther  as  a  farce,  or  the  gtunboli  of  overgrown 
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boy*  at  playi  tLan  (he  well  directed  enei-gies  of  taea  to  sobdae  tbe  ngii^ 
element. 

In  Asia  syringes  liave  probably  been  alvrays  in  limited  use.     Tkey  ai 
the  only  instrumt'iits  of  the  pump  kind  now  known  there,  if  Cliinn  be  ex- 
cepted.    Very  effective  engines  on  the  European  plan  are  made   by  th' 
Chinese.     (Chinese  Rcpos.  vol.  iv.) 

The  Hre-engitip  of  the  Turks  is  an  iinproveinent  on  the  synnge,  bus 
not  much  more  effuclive.  The  author  of  "  Sketches  of  Turkey"  obicr\-c», 
when  speaking  of  fires  in  Constantinople,  "  IndeeJ,  when  wc  aflerwordi 
•aw  tlie  macliiiies  used  by  the  Turks  to  extinguish  fii-e*.  wc  were  not  sur- 
prised at  tlie  feeble  resistance  which  they  could  oppose  to  the  progres*  o\ 
the  devouring  element.  The  engines,  in  feet,  are  not  larger  than  thi 
employed  with  us  to  water  gardens :  they  have  but  a  single  chaml)er» 
which  is  alxjut  eight  inches  long  by  three  or  four  in  diameter  ;  lliey  are. 
readily  carried  about  by  hand."  Commodore  Porter,  in  his  iliterestiu^ 
account  of  " Conslaiitinojile  and  its  Environs,"  says  their  fire-engincji  "are 
like  those  wo  use  in  our  gardens,  for  watering  the  beds  and  walks,  and  de- 
liver about  as  much  water  as  a  good  large  syringe.  When  an  alarm  of  fire 
is  given,  a  mun  seizes  on  one  of  these  and  runs  to  the  spot  indicated,  with 
the  engine  nn  his  shoulder,  another  brings  a  skin  of  water,  pours  it  into 
the  reservoir  and  lliey  pump  away."  A  characteristic  anecdote  is  thus 
facetiously  n-lated  by  Commodore  Porter.  "  They  had  heard  of  the  fire- 
engines  and  fire  companies  of  the  United  States — how  half  a  sliingle  could 
be  bunil,  ind  ll.o  engines  save  the  other  half  from  the  flames.  Tlirv  cotdd 
not  understand  it.  Mr.  Eckfurd  fortunately  aixived  with  liis  beautiful 
ship,  liaving  one  of  our  engines  on  board,  requiring  some  twenty  men  to 
work  it.  The  Capudau  Pucha  heard  of  it-^'  Mash  Allah  !  let  us  sec  it.' 
exclaimed  the  old  man.  The  engine  was  brought  on  shore  and  placed  iii 
the  Nuvy  Yard  ;  a  short  suction  was  fixed  to  it  and  put  into  the  Bospho- 
rus;  men  were  set  to  work  it — the  Navy  Yard  was  soon  inundated,  luiti 
the  Bo.sphnrus  In-gan  to  run  .Iry  !  '  Mash  Allah  !'  said  he,  '  very  good 
—but  it  will  rc()uire  a  sea  to  sonply  it  with  water.  It  won't  do  for  us, 
for  there  is  no  sea  in  the  middle  ot  (lie  city.'  They  therefore  have  thought 
best  xo  slick  to  their  squirts,  and  to  let  the  fire  spread  until  the  wind 
changes,  or  il  is  tired  of  burning." 

Sandys,  in  the  beginning  of  tlie  17th  century,  visited  Con-staiitinople, 
and  speaks  of  the  frequency  of  fires  in  that  city  :  he  obsen'es,  "  It  is  not  to 
be  marvelled  at,  for  the  citizens  dare  not  quench  the  fire  that  burneth  their 
own  houses,  because  otficers  are  appointed  for  that  purpose."  He  is  si- 
lent respecting  the  instruments  then  used. 

When  the  useful  arts  began  to  excite  attention,  the  defects  of  riorlable 
■yringes  were  too  apparent  to  be  neglected,  hence  in  the  earlv  p^irt  of  the 
16th  century  several  attempts  were  made  to  remedy  them,  by  those  no- 
ble spirits  who  burst  through  the  prejudice  that  had  so  long  consigned 
the  subjects  of  practical  mechanics  to  die  mere  makers  of  macii'.nes,  as  one 
unworthy  of  a  pliilosopht-r's  pursuit ;  and  from  the  cultivation  of  which 
no  distinction,  save  such  as  was  allied  to  that  nf  a  skilful  artisim,  could 
l)e  derived — a  species  of  fame  from  which  professors  of  philosophy  shrunk, 
like  Plato,  with  feelings  of  horror.  To  render  the  syringe  an  efficient  fire- 
engine,  would  seem  to  be  impossible,  except  by  converting  it  iwt  a  fore 
ing  pump,  and  in  that  case  it  would  be  no  longer  a  syringe.  As  long, 
therefore,  as  such  an  idea  did  not  occur  to  engineers,  they  had  no  resourte 
but  to  improve  the  "  squirt"  as  well  as  they  could  ;  and  however  hope- 
lens  the  task  may  now  ap[>ear,  it  was  not  only  attempted,  but  to  a  certain 
SKtent  accomplished,  and  with  considerable  mgcnuity  too,  as  will  appear 
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ffom  Ae  following  figure,  No.  143.  It  is  described  in  Des^ou'b  '  The* 
Ire,"  and  must  iherefbre  have  been  invented  previous  to  labd,  tho  date  "♦ 
liie  |ierinissi<^>ii  to  print  hi:i  work. 


\o.  I4U.    8/ri0f«  Buirine  rrom  B««k»ii,  A.  D.  156d. 

"  Pro/toxiit(in  Dc  L' Autheur  : — Artifice  autant  siugwUer  (comtne  jc 
'pcnse)  ijue  nun  point  commun,  pour  jcctor  I'eau  contre  un  grand  feu, 
I**  mejmeiiient  lor«  que  pour  la  grandeur  de  In  fl.imme,  nul  ne  pout  enlrer 
"  ny  approclier  dc  la  maison  qui  brusle.  Dcrlaratitn  ile  la  mrsme^^ure  : 
"  Ccit  instrument,  qui  est  faict  en  forme  de  Cone,  sc  soustionl  sur  deux 
"  Roues:  ayant  sa  bnuclie  inurnt^e  vers  le  scpienirion  :  et  aupres  de  sa 
"  base  il  y  a  des  dcmi  cercles,  qui  »ervent  a,  I'hatisser,  au  baisscr,  d'avan- 
"  tai;e  vers  sa  dicte  bouctie  septentrionale  est  un  Ei:tonnoir,  piiury  vcrser 
•  I'eau  dedans:  et  en  sa  base,  ou  "nien  partie  meridionale,  est  \iw;  vis,  donf 
"  est  pousse  dedans  et  recule  un  Boston  auquel  sent  des  Estouppes,  aiv*> 
"  qu'aux  siringues.     Le  reste  appert  " 

In  reading  the  above,  it  should  be  rememrterod  that  letteri  of  rrjerrnce 
to  designate  the  difTercnt  parts  of  machines  were  not  then  in  general  use, 
f)ut  the  sides  and  angles  of  the  pages  were  marked  \vith  various  points  of 
the  compass ;  and  particular  parts  pointed  out  by  their  position  with  rp 
gard  to  these,  and  by  the  intersection  of  lines  drawn  between  them.  In 
tJiis  engine  several  defects  of  the  "  hand  squirts"  are  avoided  ;  as  the  ne- 
cessity of  inverting  the  instrument  to  refill  it  by  plunging  the  no/zle  into 
the  vessel  of  water,  the  small  q:iantity  contained  in  the  former,  and  the 
oonsequenily  incessant  repetition  of  the  operation  and  interruption  of  the 
jet,  and  the  difliriilty  of  directing  it  on  the  flames  with  certainty  or  preci- 
sion. Bcsson,  (if  he  was  the  inventor.)  therefore,  greatly  enlarged  the 
capacity  of  the  cylinder,  making;  it  sulficient  to  contain  a  barrel,  or  more  ; 
and  as  a  mutter  of  necessitv,  placed  il  on  a  carriage.  To  eject  the  water 
uniformly,  he  moved  the  piston  by  a  screw;  and  when  the  cylinder  was 
emptied,  it  was  refilled  through  the  funnel  by  an  attendant,  as  the  piston 
was  drawn  back  by  reversing  the  motion  of  the  C!ank.  When  recharged, 
the  stop  cock  in  the  pijie  of  the  funnel  was  closed  and  the  ii(piid  forced 
out  as  before.  As  flexible  pipes  of  leather,  the  "  ball  and  socket"  and 
"  goose-neck"  joints  had  not  been  introduced,  some  mode  of  changing 
the  direcdiin  of  the  jet  of  this  enormous  syringe  was  necessary.  To  effect 
this,  it  is  represented  as  suspended  on  pivots,  which  rest  in  two  upright 
posts:  to  these  are  secured  (see  figure)  two  semicircular  straps  of  iron, 
whose  centres  coincide  with  the  axis,  or  pivots,  on  which  the  syringe 
turns.  A  number  of  holes  are  ma<lc  in  each,  and  are  so  arranf^ed  as  to  be 
opposite  each  other.  A  boll  is  passed  through  two  of  these,  and  alsr 
liirough  a  similar  hole,  in  a  piece  of  metal,  that  is  firmly  secured  to  the 
pper  part  of  the  open  end  of  the  cylinder ;  and  thus  holds  the  latter  ir 
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»ny  posirion  reijulred  The  iron  frame  to  which  the  liox  or  female  [>»n 
ot'lhe  »crew  is  attached,  ia  made  fast  to  the  cylinder;  and  it  is  thruug)ii 
projecting  piece  on  the  end  of  this  frame  that  riie  l>olt  is  passed.  Br 
these  means,  any  elevation  could  be  given  to  the  nozzle,  and  the  syringe 
could  be  secured  by  passine  the  bolt  through  t}je  piece  just  mentioneo, 
and  through  the  corresponding  holes  in  the  straps.  When  a /«/<•'«/ rhangp 
in  the  jet  was  required,  the  whole  machine  was  moved  by  a  man  at  Xm 
end  of  the  pole,  as  in  the  figure.  To  the  frame,  jointed  feet  were  alliich- 
ed,  wliich  were  let  down  when  the  engine  was  at  work.  The  women 
represented  (one  only  is  given  in  our  figure)  reminds  us  of  o  remark  hy 
Fosbroke :  "  In  the  middle  agps  during  fires  women  used  to  fetch  water 
in  brazen  pails  to  assist."  Considering  the  age  when  this  engine  w»s 
devised  and  the  oljjects  intended  to  be  accoiiipUslied  by  it.  il  certainly 
has  the  merit  of  ingenuity  as  well  as  originality.  Beruald  say*  of  it; 
"  Ceste  noble  invcnuun  est  si  souvent  retjuise,  pour  esieindre  le*  ?rand 
feux  desqucls  on  ne  pent  approcher  ;  que  sans  faute  elle  merito  d'pstie 
plus  au  long,  et  plus  ouveriement  cxpliijuee,  afin  qu'elle  soit  niieux  eti- 
tendue."  It  will  oe  onvious  to  every  priiclical  mechanic  that  engine*  of 
this  kind,  of  large  ilimensioiis,  must  have  been  at  best  but  iioor  affairs.  To 
make  the  piston  worl;  sufficiently  accurate  and  tight,  and  to  keep  it  w, 
must  have  l>een  a  work  of  no  small  diificiiliy. 

A  correspondent,  in  a  lata  numlier  uC  the  Lon.  Meclianics'  M»g«siaf, 
vol.  XXX,  lias  commiinicuted  a  ver/  imperfect  figure  of  tliis  engine  to  diat 
work,  extracted  li-om  an  English  book,  publisiiifd  in  1500,  entitled  **  A 
Treatise  nami'd  Lucahsoi.ack,  divided  into  four  biwks,  which  in  |Mrt 
are  collected  out  of  diverse  authors,  diverse  languages,  and  in  ptrt 
devised  by  CvfRiAN  Luoar,  Gentleman."  London:  1.09O.  It  is  s*rj 
obvious  that  Lucar  copied  tlie  engine  in  question  from  Besson'e  work, 
which  was  published  in  1579,  but  was  authorized  to  be  printed  in  lo$6; 
and  which  Hesson's  death  then  prevented.  The  following  extract  from 
Lucar's  book  is  not  without  interest.  "And  here  at  the  end  of  this  chapter 
I  will  set  before  your  eyes  a  type  of  a  '  sijuirl'  which  hath  been  de- 
vised to  cast  much  water  upon  a  burning  house,  wishing  a  like  squirt  and 
plenty  of  water  to  be  aiwaies  in  a  readinesse  where  fire  may  do  hurme ;  for 
this  kind  of  si]uirt  may  Imj  made  to  holde  in  hoggeslied  of  water,  or  if  you 
will,  a  greater  quantity  thereof,  and  may  be  so  placed  on  his  frame,  that 
with  ease  and  a  smal  strength,  it  salil  lie  mounted,  inibased  or  turned  to 
any  one  side,  right  against  any  fired  marke,  and  made  to  squirt  out  (lie 
water  upon  the  fire  that  is  to  be  (juenched." 

The  Germans  were  proverbially  in  advance  of  the  rest  of  £urope  in 
the  1.3ih,  IRth  and  17th  centuries,  m  almost  every  department  of  the  arts. 
"  The  exr.fllniiry  of  these  people  [observes  Hcylin  m  his  Cosmography] 
lieth  ii;  the  meolianic  part  of  learnmg,  as  being  eminent  for  many  inatJie- 
matical  fx\ycr\mv}-\\.i,  strange 'wa(tT-icorl<.»,  medicinal  extractions,  chemistry, 
the  art  (if  |>riiiting,  and  inventions  of  like  noble  nature,  to  the  no  less  be- 
nefit than  adminillon  of  iiie  world."  As  early  as  A.  U.  151S,  some  kind 
of  fire-engines  were  ufed  in  Augsburg,  Ijcing  nientitmcd  in  the  building 
accounts  of  that  city.  They  were  named  "instruments  for  fires,"  and 
'  water  sjiringcg  useful  at  fires."  Their  particular  construction  is  unknown; 
out  from  a  remark  in  the  accounts  respecting  wheels  and  poles,  they  are 
supposed  to  have  been  placed  on  carriages :  they  were  probnbly  'arge 
»yringes  and  mounted  like  the  one  represented  in  the  last  figure. 

The  ohlcst  ptnnp  engines  of  modern  times  were  certainly  made  in  Ger- 
many, an<l  abiiut  the  close  of  the  16th  or  I  eginning  of  tlie  ne.xt  century 
The  first  one  noticed   by  Becktnan  is  that   ol    Hautcch,  which  the  Jesuii 
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Schoftus  «aw  tried  at  Nuremlierg  in  1656.  In  giving  an  account  of  it, 
Sc-huttuj  remarks  ihai  (he  invention  was  not  Uicn  ne\s-,  it  being  known  in 
other  cities,  and  he  himself  rctnemlwred  having  seen  a.  small  one  in  hia 
nativR  city  (Konigshofen)  forty  years  before,  consecjuently  about  1617. 
We  are  not  infiirmej  by  either  the  professor  or  Jesuit  of  the  jxirticular 
construction  of  this  small  engine,  but  there  is  a  book  extant  tliat  v  as  pub 
ILihed  in  1G15,  which  contains  a  figure  and  description  of  a  GerFnar 
engine  of  that  time,  and  which  fiiriiislies  the  inforniution  desired.  This 
Iwiok  is  the  "Forcible  Movements"  of  Dccaus,  a  work  which,  like  the 
Theatre  des  Instmmcns  of  Bessou,  escaped  tlie  notice  of  lieckman.* 


No.  I4i      (trrmiin  Pump  Engine  froni  Decaui.    A.  \i.  IGlj^ 

rhis  machine  i»  named  "  A  rare  and  necessary  Engin,  by  which  yoil  _ 
may  give  great  reliefe  to  houses  that  are  on  fire  :"  we  fjive  tlie  whole  of 
the  explanation  :  "This  engrin  is  much  practiced  in  Grrmnny,  and  it  hath 
been  seen  what  g^at  and  ready  help  it  may  bring ;  f^ir  altliough  the  fire 
be  40  foot  high,  the  snid  engin  shall  there  cast  its  water  by  help  of  four 
or  five  men  lit'iing  up  ami  putting  down  a  long  handle,  in  form  of  a  lever, 
where  the  handle  of  the  pump  is  fastned  :  the  said  pump  is  easily  un- 
derstood :  there  are  two  suckers  fvaivcs]  within  if,  one  below  to  open  when 
the  handle  is  lifted  up,  and  to  shut  when  it  is  put  down  ;  and  another  to 
open  to  let  out  the  water:  and  at  the  end  of  the  said  engin  there  is  a  man 
which  holds  the  copper  pipe,  turning  it  to  and  again  to  the  place  where 
the  fire  shall  be."  In  other  words,  this  was  a  single  forcing  pump,  such 
M   figured   at  No.  118,  and   secured   in  a  tub.     For  the  convenience   of 


•  Of  Decnun'  hwlory  •enrci-ly  nny  thine  »"  known — i>vcn  hi*  nnme  in  led  in  dotihi,  for 
b^  in  *oiiietiinr'«  iiuined  /«/i<i4,  nt  ofhcr*  Siiitmiitu  Hr  Ciin«.  An  arooiinl  ofhi^  tiook  may 
t>«  Aecu  in  Siii:in'«  Aiiocriote-'>  nf'tiic  Slt*ain-K|j:;ine,  vol.  i,  p.  'J7.  itiit  tltcre  seeni^  lo  hr 
•n  prror  in  the  note  ^livvn  of  tlie  F.ncliKh  lr:in<lution  hy  Lvnk,  which  i<  «lated  to  hav« 
li*<n  mails  in  nffi,  whereaj  the  copy  in  onr  poMewion  i»  diiled  nearly  fifty  ynm  ear- 
lier- It  is  entitled  "  New  and  nire  inventions  of  W'aler-workii,  Hliewinj^  the  easiest 
n'aiea  In  mii«e  water  hietier  then  the  upring  ;  liy  which  inventinn  Uie  peipeliinl  inalion 
is  prnposeiJ.  many  hnrd  lal>oiirr>  performed  and  varieties  of  inoiion^  nnif  noiiniN  pro 
diiced.  A  work  holh  ii«ern)l.  prnfitahle  and  deliichtfiill  for  all  itarts  of  pefrpre  :  first 
iriiuen  in  Freiirh  by  ho'ik  lir  Cnnt.  a  late  famous  Knpenier.  nrid  ncnv  irnii^lated  into 
iCdflivli  h>r  Jiilin  Lrak."     London  :  printed  by  and  for  Jo«e{)h  Muion,  lt>!iil 
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imnsportatinri  the  whole  was  placed  on  a  sled,  and  dragged  to  ■  fireU 
ropes.  The  bore  of  the  forcing  pi}>e  seems  to  have  lK*eii  small  compurc4 
with  that  of  the  pump  cylinder,  a  circumstance  combined  yrixix  the  lo&£ 
lever  and  the  number  of  men  employed  in  working  the  latter,  tiiut  conm- 
buted  to  incrciise  the  elevjlion  of  the  jet.  Tliis  machine  exhibits  sife- 
oided  improvement  on  the  primitive  syringe,  and  consliltites  a  great  sljp 
towards  the  modern  engine.  In  the  short  angular  tube  to  winch  the  jet 
pipe  is  attached,  we  behold   the   germ  of  the   more  valuable  goose-neck. 

Notwithstanding  the  superiority  of  pump  engines  over  the  syringe,  miav 
years  elapsed  before   they  were   generally  adopted,     "  The  English  |ot 
serves  a  British  writer]  apj)ear  to   have    been  unacqu:untcd  with  the  pn>- 
gress   made   by   the  German   engineers ;  or   to   have   been  very  slow  in 
availing  tliemselves  of  their  discoveries,  for  at   the  close  of  the  16th  cen- 
tury "  /utnd  iquirlt"  were   first   introduced  in  London  for  exliiigi-ishm^ 
fires;  and  it  was  not  till   the   l>eginning  of  the   next,  that  they  began  to 
place  them  in  ]>ortabIe  and    larger   reservoirs — when  placed   in  the  Utter 
«nd  worked  by  a  lever,  the  engines  thus  obtained  were  considered  a  gretl 
mecham::a!  achievement ;  for  when  in  1633,  three  of  lliem  were  taken  to 
extinguish  a  large  fire   on  F^ondon  bridt;e.  they  were  considered  "  such 
excellent  things,  that  nothing  tliat  was  ever  devised  could  do  so  much 
good,  y?t  none  i>f  them  did  prosper,  for  they  were  all  broken."     The  ob- 
servation that  "  band   s(juirts"  or  syringes  were  pinced   in  reservoirs  ^d 
then  worked   by  a   lever  is  not  strictly  correct:  ihey  were  siuall  forcing 
pumps  tliat  were  employed.  A  syringe  could  not  act  at  all  if  permnneiitiy 
fixed  in  a  ressel,  because  it  discharges  Ine  water  through  the  same  orifice 
by  which  it  receives  it.     Some  improveme.-.ts  were  nixie   on  lire-cngine* 
by  <jreatorix    in  IGSG,  as  mentioned   by  Evvlyn  :  what   they  were  is  not 
known.     The  probability  is,  that  they  relate!  to  the  carriiige  or  *led.     If 
Ills   engines  were   the    same    that  were    udverliscd   in    lOoS,  this  was   the 
case,  for  'hoy  wnre  recommended  as  "  more  traversable  in  less  room,  and 
more  portable  than  formerly  used."     Fosbroke's  Encyc.  Aniiij. 

But  the  fire-engine  as  thus  improved  had  still  many  imperfections  :   the  | 
water  was  nrojecied   in  spurts   as  from  a  syringe  ;  and  the  jet  not  only 
ceased  with  the  stroke  of  the  piston,  but  a  portion   of  the  water  was  in 
consequence  l.ist  by  falling  between  the  Sre  and  engine  at  the  termination 
of  each  stroke.     An  obvious  mode  of  rendering  the  jet  constant  was  by 
connecting  two  piimps  to  one  discharging  pipe,  (as  in  the  figure  of  Heron's,) 
and  working  the  pistons  alternately  eitlier  by  a  dcmble  lever  or  two  single 
ones.     This  was   first   adopted    by  the   old  German   engineers,  and   thus 
anodier  step  was  taken  -.cwards  i>erfecting  these  useful  instruments.     In-  | 
stead  of  a  circular  tub,  a  sijuare  box  or  cistern  was  adopted  and  mounted  * 
on  four  solid  wlici'ls   in  ]>lace   of  a  sled;  and  a  straincir,  or  fiilse   bottom, 
perforated  with   numerous   small   holes,  was  placed  within  the  cistern  to 
prevent  gnivul  or  ilirt,  thrown  in  with  the  water,  from  entering  iho  pump. 
Such   appear  to  have   been   the   best  fire-engines  in  England  when  the  j 
irreut  fire  in  London  occurred  in  1666.   They  are  referred  to  in  the  olficia!  j 
account  of  the  fire,  dated  \\Tiitehall,  September  8th,  of  the  same  yeai^—  I 
"this  lamentable  fire  in  a  short  time  became  too  big  fo  be  mnnuged  by  any  I 
engines."     But  nothing  can   show  their  general   inelTiciency  in  a  stinnger  I 
light  than  the  measures  adopted  by  the  city  government  the  following  ye«r 
to  guard  against  a  similar  calamity.  Instead  of  relying  upon  engines,  thej 
•erm  to  have  retained  their  confidence  in  the  old  syringe. 

1.  By  an  act  of  the  Common  Council,  the  city  was  drvided  info  fotu 
districts,  and  "  each  thereof  was  to  be  provided  with  eight  hundred  let- 
ihern  buckets — fifty  ladders,  of  different  siees,  from  twelve  to  forty-two 
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t^et  in  lengtli — lifio  hrasm  hand  tquirtt  to  each  parish — four-ar.d-*.wentT 
pickax  sledges— and  forty  shod  shovels. 

2.  That  ciich  of  the  twelve  companies  provide  themselves  with  an  en- 
gi»c — ihiity-  bucket* — three  ladders — six  pickax  sledges — and  two  linmi 
*qnir(s ;  to  be  ready  upon  all  occasions.  And  the  inferior  companies  sash 
n  nunil>er  of  *maH  rngines  and  buckets,  as  should  be  allotted  them  by  tiii* 
f<ord  Mayor  and  court  of  Aldermen. 

3.  Thai  the  Aldermen  piissed  the  office  of  Shrievalty,  do  provide  their 
•everid  h'luses  %viih  four-and-twcnty  "buckets,  and   ome  hantl  .squirt  each 
«nd  tliuse  who  have  not  served  that  office,  twelve  buckets  and  one  htuta 
tjuirt  each. 

4.  And  for  the  efTectual  supplying  the  engine*  and  tqiiirtit  with  water 
pumps  were  to  be  placed  in  all  wells;  and  fire  plugs  in  the  several  main 
pipes  belonging  to  the  New  Hiver  and  Thames  Wati^r- works."  MaitlaiiiL 

The  oldest  account  of  English  fire-engines  that  we  have  seen  is  in  a 
Ei^Ball  old  <^uarto  in  our  possession,  the  title  page  of  which  is  wanting. 
From  two  poetical  addresses  to  the  author,  it  appears  that  the  initial  let- 
ters of  his  name  were  I.  B.,  and  that  the  work  was  entitled  "  A  Treatise 
on  Art  and  Nature."  Two  thirds  of  it  are  occupied  with  "  water-works," 
ud  the  re*t  with  "fier- works,"  except  four  or  five  pagt?s  "on  voyces,  cals, 
cr\**s  and  sounds  ;"  i.  e.  on  making  of  whistles,  &c.  for  spsrtamcn  to  imi- 
tate the  voices  of  certaiiytiirds  and  other  game.  The  date  of  publicalior 
Was  alHiiii  1G34  :  this,  wo  infer  from  page  51,  where,  speaking  of"  The 
engiti  noar  the  north  end  of  London  bridge,  [he  observes]  which  engin  1 
circumspectly  vieued  as  !  accidentally  pnssed  by,  imp:cdiatp|y  after  tho 
i.ate  jier  thut  was  upon  the  bridge.  Anno  1033."  Shops  and  dwelling 
Bf'Usf**  were  built  on  both  sides  of  the  bridge  at  that  time. 

After  descril>ing  sevend  modes  of  raising  water  by  sucking,  forcing  and 
in  pumps,  he  continues : — "  Having  sutSciently  spoken  concerning 
"iSls  aiid  engins  for  mounting  water  for  meer  conveyance,  thence  we  rnay 
derive  divers  squirts  and  petty  enjins  to  be  drawn  upon  whceles  from 
place  to  place,  for  to  quench  tier  among  buildings  ;  the  use  whereof  hath 
been  found  very  commodious  and  profitable  in  cities  and  great  townes." 
Hence  engines  were  at  this  time  not  uncommon  in  England.  No  less 
than  seven  are  figured  by  the  author,  and  all  are  placed  in  cisterns  or  tidig 
mounted  on  wheels  :  neither  air  vessels  nor  hose  pipes  are  described  or 
mentioned.  Five  of  the  engines  consist  of  single  cylinders;  of  these  some 
•  re  in  a  jierpemlicubir  position,  others  are  laid  horizontally,  and  one  is 
inverted,  and  fed  by  a  branch  pipe  covered  by  a  valve.  The  last  one  figured 
has  two  horizontal  cylinders,  a  sugje'tion  of  the  author's,  and  the  piston 
roJ«  are  shown  as  worked  alternately  by  pallets  or  arms  on  a  vertical 
shaft,  to  which  a  reciprocating  rotary  movement  was  imparted  by  pushi]]||[ 
a  horizontal  lever  to  and  fro.  One  of  these  old  fire-engines  is  a  species 
of  hello V73  pump,  the  construction  of  which  we  will  emleavour  to  cxj)luin: 
Two  brass  vessels  were  connected  at  their  open  ends  to  a  bag  of  lea- 
ther:  tliey  resemble,  both  in  shape  and  size,  two  men's  hats,  the  linings 
of  wliicli  being  pulled  out  and  sewed  together  form  a  cylindrical  bag 
belweefi  them,  A  circular  opening,  six  or  seven  inches  in  diameter,  was 
made  through  a  horizontal  piece  of  plank  fixed  in  the  cistern  of  the  engine, 
and  over  this  openiiig  one  of  the  vessels,  with  its  crown  upwards,  was 
placed,  and  made  fast  by  screws  through  the  rim  :  the  other  vessel  beinu 
suspended  from  it  by  the  bag  and  hanging  loosely  in  the  water.  Within 
the  hiwer  vessel  (in  the  centre  of  its  bottom)  a  valve  opening  upwards  ^id- 
tnitted  the  water,  and  on  the  top  or  crown  of  the  upper  vessel,  another 
Valve,  also  opening  upwards,  was  placed.    Over  the  last  valve  the  base  at 
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the  jet  p!i>e  was  secured.  To  work  this  machine,  the  rim  of  the  liiver 
vessfl  was  connected  at  opposite  points,  by  two  iron  rod<  or  tlings  and  i 
cros<  head,  I<>  the  end  of  a  lever,  by  which  the  lower  vessel  waj  moved  ud 
and  down — compresBing  the  bag  when  raised,  and  stretching  it  to  iti 
natural  length  when  lowered;  like  the  lantern  bellows  No.  ]0/>,  orthe  bel- 
lows pump  No.  106.  To  make  the  vessel  rise  and  fall  perpendicularly, 
the  t\ro  rods  were  passed  through  holes  in  the  plank.  Water  was  kept 
in  the  cistern  as  high  as  the  plank;  so  that  when  the  movable  vessel  wti 
raised  the  contents  of  the  bag  would  be  forced  into  the  upper  vessel  ■.>] 
expolled  through  the  jet  pipe,  and  when  it  was  again  lowered,  the  water 
would  enter  through  its  valve  and  fill  both  as  before.  These  engine*,  h* 
observes,  had  sometimes  two  levers  and  were  worked  by  two  men,  "llie 
lower  brasse  [vessel]  being  poysed  with  two  sweeps." 

The  goose-neck  was  used  in  England  at  this  time.  It  is  not  represent<J 
in  the  figures,  which  are  very  indifierently  executed,  but  is  sufficiecilly 
well  defined  in  the  description  of  one  of  the  engines.  The  author  directs 
a  hollow  ball  to  be  placed  on  the  orifice  of  the  forcing  pipe,  "  havings 
[jet]  pipe  at  the  lop  of  it,  and  made  to  screw  another  pipe  [elbow]  upuA 
It,  to  direct  the  water  to  any  place." 

Small  or  hnnd  engines  continued  to  bo  employed  in  London  in  the  18ti 
century.  This  appears  from  a  law  passed  in  the  6th  year  of  Queen  Anne'i 
reign,  by  which  it  was  enacted  that  "  each  pari^i  shall  keep  a  large  en- 
gine, and  an  hatul  engine,  and  a  leather  pipe,  and  socket  of  the  saint;  sits 
as  the  plug  or  fire  cock,  [of  the  water  mains,]  that  the  socket  may  be  put 
into  the  pipe  to  convey  the  water  clear  to  the  engine,"  under  a  penalty  of 
ten  pounds.  In  case  of  a  fire,  the  first  ]wrson  who  arrived  witji  a  parish 
engine  to  extinguish  it  was  entitled  to  thirty  shillings — the  second  twenty, 
and  the  third  ten,  provided  the  engines  were  in  good  order,  "with  a  sock;: 
or  hose,  or  leather  pipe."  The  following  year,  die  owners  or  keepers  of 
"  other  large  engines,"  (not  {>arish  engines,)  were  entitled  to  the  same 
reward  upon  arriving  with  them  and  assisting  in  extinguishing  a  fire. 

It  is  a  singular  [irixifof  the  general  ignorance  of  hydraulic  machinejy, 
or  want  of  enterprise  in  London  pump  makers  of  the  16th  and  17th  cen- 
turies, that  they  so  long  coiiliriued  the  use  of  "  squirts"  and  engines  with 
single  cylinders,  when  they  had  daily  before  their  eyes  in  the  Thames 
Water-works  examjilcs  of  the  advantages  of  combining  two  or  more  to 
one  pipe.  The  application  also  of  such  machines  as  fire-engines  was  ob- 
viously enough  shown  to  them  ;  for  when  Maurice  had  finished  his  labors 
in  1582,  the  mayor  and  nldcrmen  went  to  witness  an  experiment  with  hi* 
pumps  at  London  bridge:  "  and  they  saw  him  throw  the  water  over  Saint 
Magnus's  steeple,  before  which  time  [says  Stow]  no  such  thing  was  known 
in  England  as  this  raising  of  water."  Immediately  subscijiient  to  the  above 
date,  the  "  squirt"  manufacturers  might  surely  have  imitated  Maurice's 
machine,  but  they  did  not  for  nearly  a  hundred  years  aftcrward.s:  that  is, 
not  until  s«ch  engines  had  been  introduced  a  second  time  from  Germiinv, 
and  designed  expressly  to  put  out  fires. 

Before  the  improvements  of  Newsham  and  his  contemporaries  of  the 
18th  century,  some  important  a<iditions  wouhl  seem  to  have  been  made 
in  England,  since,  previous  to  16S6  "  the  engine  for  extinguishing  firr" 
was  claimed  as  an  En2;lish  invention.  This  is  stated  in  a  small  volume  pub- 
lished that  year  in  Lf)iidon  by  John  Harris,  and  apparently  edited  by  him 
It  is  entitled  "  A.  pleasant  and  compendious  history  of  liie  first  inventen 
«.nd  instituters  oi"  the  most  famous  arts,  misteries,  laws,  customs  uud 
manners  in  the  whole  worlil,  together  with  many  other  rarities  and  re- 
markable things  rarely  tnade  known,  and  never  before  made  piiblir  :  t« 
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wrhich  i«  added  several  curious  inventions,  peculiarly  attributed  to  Eng- 
laml  and  English  raen."  We  shall  oft'cr  iio  apology  for  closing  this  chnp- 
,er  ■wrifh  the  following  abstract,  althou'^h  tlie  concludins^pnrt  only  refers  lo 
Dur  subject.  "  Fine  Spanish  needles  were  first  made  in  Eiigland  bv  a 
Negro   in  Cheapside,  who   refused   to  communicate  his  art ;    but  in  the 

,  eighth  year  of  Queen  Elizabetb's  reign,  Elias  Corous,  a  German,  made 
it  known  lothe  Enijlish.  About  the  fifth  year  of  Queen  Elizabeth,  the  way 

;  of  making  yjin*  wns  found  out  by  the  English,  which  before  were  brought 

I  in  by  strangc^rs  to  the  value  of  60,000  pound  a  year.  Watches  M-ere  the 
invention  of  a  German,  and  the  invention  brought  into  England  Anno  1580. 
The  famous  inventers  and  improvers  were  Cornelius  V'an  Dreble  and 
Janus  Torrianellus.  The  first  clocks  were  brought  into  England  much 
8l>out  the  same  time.  Chaines  for  watches  are  said  lo  be  tlie  invention  of 
Mr.  Tomackee.  The  engine  for  clock  wheels  is  an  English  invention  of 
about  one  hundred  years  standing,  as  likewise  that  for  the  speedy  cutting 
down  wheels  for  watches.  Other  late  inventions  there  are,  to  whom  as 
llieir  invrnfers  the  English  lay  claime,  as  an  engine  for  raising  glass,  an 
engine  for  spinning  glass,  an  engine  for  cutting  tob.icco,  the  rouiiiig  press, 
tlie  art  of  damasking  linnen,  and  watering  of  silks,  the  way  of  separating 
gold  from  silver  and  brass,  boulling  mills,  making  caine  chairs,  the  curious 

,  art  of  colouring  and  marbling  books,  making  of  horn  ware,  and  the  cngtnr 
to  exlingu'uh  Jire,  and  the  like." 
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ait'CWCmes  coolinurd  :  Enplnec  br  IlKiitftch — NurYniliery — Firr-fingln^fl  K,  SlraittoiiTg  and  1  |>in, 
-Ct^plintf  •C(ff«»— Old  enyiiir  with  itr  cli>m1*rr — Canviu  Biitl  leather  hn>n  and  Pulrli  pnglnca — Eu' 
finM  of  Prnrr  «inl  Leopold — Olil  KiipIIkIi  rn^niri — Nr«i'»liaiTi*«  rnFliic>^Modpni  French  rnfrioi' — Air 
ell«ml>er» — Table  of  the  height  of  jeu — M«>dra  of  workiii|t  ftre-enfioei — Knglnea  worked  by  tteani.  PiRl 
B^ct.«c»  tw  Amkmicai  Refiilallona  re«p«cllnf  firct  in  New  Amvlerdkni — ProclaBialioiii  of  Govenior 
Btayvevanl — Eatracu  from  old  minulsa  of  the  rommon  Council — First  fire-enpioes — Philadolphta  and 
I<few.Y.>rk  e  a  if  ine^— Riveted  boae — Slnatn  Aro-en^itiei  now  bvio^  contlructed.  Devicra  to  exttnfuial 
Ire  without  enginej — Water  bomb* — Prnlecting  buildinga  from  (ire — Fire  eacapea — Coavre  feu — curfew 
belli — 3I«aiiurinc  time  with  candlea — Ancient  lawa  ntapectinp  firea  and  ioceudiariea — The  drcaa  in 
vbicb  Roman  tncendiariea  were  burnt  retained  in  the  auto  da  fe. 

The  fire-engine  mentioned  in  the  previous  chapter,  which  Scliottns  wit- 
nessed in  operation  at  Nuremberg  in  16.'J6,  appears  to  have  been  eiinal  Uj 
•ny  modem  one  in  the  effects  ascribed  to  it,  since  it  forced  a  column  of 
woler,  an  inch  in  diameter,  to  an  elevation  of  eighty  feet.  One  German 
author  sn,vs  a  huntlrcd  feet.  It  was  made  by  John  Hnutsch,  who,  like 
n:ost  of  tlie  old  inventors,  endeavored  to  keep  the  constnictinn  of  his 
machine  a  secret.  He  refused  to  allow  Scliottus  lo  examine  its  interior  ; 
though  the  latter  it  is  said  readily  conceived  the  arrangement,  and  from 
his  account  it  has  been  (opposed  the  cylinders  were  placed  in  a  horizontal 
position.  The  cistern  that  contained  the  piimjis  was  eiprht  feet  loncj,  two 
in  breadth,  and  four  deep ;  it  stood  on  a  sled  ten  feet  in  length  and  four  in 
width,  and  the  whole  was  drawn  by  two  horses.  The  levers  were  so  ar- 
ranged that  twcniy-eight  men  could  be  employed  in  working  them.  Tho 
manufacture  of  tliese  engines  was  continued  bv  George  Huulsch,  the  son, 
who  is  supposed  to  have  made  improvements  in  tlicm,  as  some  writers  a» 
'  eribc  tho  invention  of  fire-engines  to  him. 
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In  the  16th  century  no  place  coui''  hiive  fumishcel  equal  fiicilitit-*  will' 
Nurenil>erg  for  the  fiUirtcation  of,  anil  making  experimouis  with,  livdrjiiru 
machines.  It  was  at  that  lime  tlie  Bicniiiig^ham  of  Eurojte.  "Nuri>niU-rg 
brass"  was  celehraiej  fur  ages.  lis  mccnutiics  were  so  numemus  ihst, 
for  fear  of  tuiniilu,  they  were  not  allowed  to  asseinhle  in  public  "  txwpl 
at  worship,  weddings  and  funerals."  No  other  place,  observes  an  u'g 
writer,  had  "so  great  a  nuinljer  of  curious  workmen  in  all  nietuls. '  Tlw 
Hauischs  seem  to  have  l>een  favorites  with  the  genius  of  iiivctition  tii»l 
pre»i<led  over  the  city  ;  an  aptitude  for  and  an  inclination  to  pursue  mo- 
clianical  researches  were  inherited  hy  ihe  family.  From  a  remark  of  Dr. 
Agricola  of  Ra.'isljon,  in  his  curious  work  on  Gardening,  we  li-ani  thil 
one  of  them  did  not  confine  himself  to  devices  for  thmwinir  slreiuns  i>f 
water  into  the  air  ;  for  he  cintrived  a  machine  by  means  of  which  he  !ir 
tended  to  raise  himself  into  rhe  ur)|K'r  regions.  "  What  can  be  more  riJI- 
culous  [exclaims  the  author  ju3t  named]  than  the  art  of  flying,  sailiiiii 
or  swimming  in  the  air  1  Yet  we  find  thorc  have  been  some  who  h»ve 
practiced  it,  particularly  one  Hnutmh  of  Nun-mberg,  who  is  much  spo<rn 
of  for  his  _li;i'nif  engine.  In  the  mean  time  it  is  well  for  the  Woi-id  lh«l 
these  attempts  have  not  succeedeil;  for  how  should  we  seize  malefaciun! 
They  would  Hy  over  the  walls  of  towns  like  Apelles  Vocaies,  who  tlirv 
tell  us  saved  him>elf  by  flying  over  the  wa»is  oi'  Nurcml>erg,  and  the  priiit 
of  whose  feet  is  there  shown  to  strangers  to  this  d.ny."  The  art  of  fly- 
ing was  a  standard  subject  with  Nuremberg  mechanics  for  rcnturu's 
and  several  curious  results  are  recorded,  but  perhaps  nothing  niore  «a 
th&n  the  above  objection  to  it. 
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For  nearly  a  hundred  years  after  the  dale  of  Hautsih's  engine  tJio« 
iiseu  throughout  Kurope,  with  the  exception  |>crhaps  of  a  few  cities  in 
(it;rn.aMy,  were  very  snnilnr  to  those  liescribed  by  Belidor,  as  employed 
ill  France  in  his  time.  They  consisted  simply  of  two  pumps  placed  in  * 
chest  or  cistern  that  was  moved  on  wheels  or  sleds,  and  sometimes  evrrieJ 
by  men  like  the  old  sedan  chair.  These  engines  differed  from  ench  nther 
only  in  their  dimensions  and  the  modes  of  working  them.  Nos.  Ho  ami 
140  will  convey  a  pretty  mrri-rt  i<iea  of  ihetn  during  ihe  earlv  part 
oftlie  IStli  century,  'ihe  former  belonged  to  Strasbourg,  the  latter  to  Vprw 
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fic  front  part  of  the  cistern  in  which  the  pumps  arc  fixed,  if  separated 
la  in.Tfor:ite(!  board  from  flie  hinder  pari,  into  wliich  tliir  filler  was 
prod  fnjrn  buckets.  The  cvliiiders  were  four  inches  in  diiitnelt-r.  and 
[  jiLstons  had  a  stroke  of  ten  indies.  Eiirh  pump  w.n»  woik^d  l>_v  a  sopa- 
lever,  A  A ;  an  iiijudicioti*  plan,  since  a  very  few  hfiiids  could  be 
[>loyed  on  each ;  ami  as  tlie  engine  liad  no  air  vessel  it  whs  necessary, 
rder  to  keep  up  the  jet,  that  the  piston  should  be  raised  and  deprcgBed 
liateiy — a  cundilioti  not  easily  performed  by  individual*  unuspil  to  the 
nition.  and  acting  under  the  excitement  of  a  spreading  confl.iijraiion. 
cohtrivancB  for  changing;  the  direction  of  the  jet  was  very  detective, 
,  considering  the  date  of  this  enfrine  it  is  surprisiiifr  that  sucii  a  one  "whs 
in  use.  A  short  leathern  pipe  would  have  been  much  better.  It 
be  perceived  that  the  jet  pipe  is  connected  to  tlie  perpendicular  or 
one  b^  a  ting/r  elbow,  instead  of  a  double  one,  like  the  urdiTiiii-v 
B«p-ni'ck.  The  joints  were  al«o  made  differently.  The  short  t'Ibow 
piece  hail  a  collar  or  ring  round  each  end.  and  the  jet  and  perpeiuliculnr 
pipes,  where  they  were  united  to  the  elbow,  the  same.  The  faces  o< 
,  ihcse  collars  were  lUiide  smooth,  so  as  to  fit  close  to  and  at  the  sunie  time 
on  each  otiier  :  loose  flanches  on  the  pi|>e8  were  bolted  to  others  on 
elbow,  and  thus  drew  the  cnllurs  together  so  as  to  prevent  water 
fV'n  lcaki,-'g  throuirh.  Now  it  will  be  seen  ihat  although  the  joint  which 
unites  the  elbow  to  the  perpendi<-ular  pipe  Would  allow  the  jet  pi|'e  to  he 
turned  in  a  lateral  or  horizoninl  ilinTtion,  th<'re  appears  no  provision  to 
^jaue  or  to  lower  it,  and  no  apparent  use  at  all  for  the  other  joint.  We 
at  first  at  a  loss  to  div\ne  how  the  stream  could  be  directed  up  and 
rn  us  occasions  mijxht  require,  for  Relidor  has  not  explained  it ;  but  on 
lining  more  closely  the  figure  in  his  work,  we  found  that  the  jet  pine 
If  Wiu  not  straight,  but  bent  near  its  junction  with  the  elbow:  this  dis- 
ced the  mystery,  for  it  was  then  obvious  that  by  twisting  this  pipe 
nd  in  it«  joint,  its  smaller  orifice  could  Ik;  incline<l  up  or  down  at  plea- 
sure. This  very  imperfect  device  is  also  shown  in  the  next  figure,  the 
jet  Ptp«*  being  curved  through  its  whole  length,  instead  of  a  single  bend  as 
,  in  tiie  hist  one. 
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The  pumps  of  this  engine  are  substantially  the  sanie  as  those  of  the  last, 
but  the  piston  rods  are   moved   by  a  short  vibrating  beam  placed  direcllv 
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over  the  cylindfirs.  The  axle  of  the  beam  u  continued  through  bu:h  ndii 
of  the  woojen  case,  and  to  its  si^uured  ends  two  iron  rods  are  Btted,  lilu 
crank  handles  on  tlie  axles  of  grindstones.  To  the  lower  ends  of  tlic* 
rods  are  attached,  bv  bolts,  two  horizontal  bars  of  wood,  on  the  outside  ot 
which  a  number  of  long  pins  are  inserted,  as  shown  in  the  cut.  WLcn 
the  engine  was  in  use  men  laid  hold  on  these  pins,  one  man  to  each,  aud 
pushed  and  pulled  the  bars  to  and  fro,  somewhat  as  in  the  act  of  ron'iug, 
and  thus  imparted  the  retjuisite  movement  to  the  pistons:  a  mode  of  Mork' 
ing  fire-engines  that  might,  we  think,  be  adopted  with  advantage  in  mo- 
dem ones  ;  for  the  vigorous  working  of  these  is  so  exhausting,  that  the 
strongest  man  can  hardly  endure  it  over  a  minute  at  a  time.  The  jet  pipe 
of  this  engine  is  connected  to  the  other  by  coupling  screws  or  "  union 
joints,"  the  most  useful  and  ingenious  device  for  joining  tubes  that  ever  vtm 
invented;  and  one  wliicli,  from  its  extensive  application  in  practical  hy- 
draulics, in  gas  and  steam  works,  and  also  in  philosophical  np()arntU8,  has 
become  indispensable.  We  notice  it  here  on  account  of  iis  having  been 
erroneously  attributed  to  a  modern  engineer ;  whereas  it  was  not  nen 
when  introduced  into  Ypres  fire-engines  above  a  hundred  years  ago. 

Two  of  the  greatest  improvements  ever  made  in  these  machines  vfem 
introduced  about  the  same  time,  viz  :  the  air  chamber  and  flexible  pipo 
of  leadier  and  canvas  ;  upon  these  principally  the  efficiency  nf  modem 
engines  depends.  By  the  former  tlic  stream  ejected  from  a  single  pump  is 
rendered  continuous  ;  and  by  the  latter,  it  is  no  longer  necessary  to  take 
the  engine  itself  into,  or  close  to,  a  building  on  fire  ;  where  in  most  cases 
it  is  impossible,  from  the  heat  of  the  flames  and  from  smoke,  to  use  it  with 
effect.  The  modern  aullior,  or  rather  introducer,  of  the  beautiful  device 
for  rendering  the  broken  or  interrujued  jets  of  old  engines  uiiitbrm,  is  nol 
knciwn.  In  accordance  with  the  customs  of  the  age,  he  probably  kept  it 
•ecret  as  long  as  he  could.  We  suspect  that  Hautsch's  engine  wa^  fiir-. 
nished  with  an  air  chaml>er.  and  that  it  was  on  that  account  chiefly  that  ho 
waa  so  anxious  to  prevent  its  construction  from  becoming  known.  Beck- 
man  states  that  Hautsch  used  a  flexible  pipe  to  enable  him  readily  to  cliani;a 
the  direction  of  the  jet,  "but  not  an  air  chamber,  which  Schottua  certainly 
wrould  have  described."  How  Schottus  could  have  dcuie  this,  when  ac 
cording  to  Prof.  B.  himself,  Hautsch  refused  to  let  him  see  tlie  interior  of 
the  engine,  it  is  difHcutt  to  unagine;  and  unless  he  had  been  acquainted 
with  the  properties  of  an  air  vessel,  had  the  engine  even  been  thrown  open 
to  Ilia  inspection,  he  could  hardly  have  comprehended  its  action,  unless 
explnini-d  to  him  by  tlie  nmnuf'aelurer;  at  any  rate,  the  secret,  if  it  was  in 
Hiiutsch's  possessiuii,  was  not  long  alter  divulged  ;  for  in  167.5  an  anony- 
mous writer  in  the  Journal  iii:s  S<.<irfin.t  figured  and  described  an  engine 
with  this  appendage.  The  account  was  the  same  year  translated  and  pub- 
liiihed  in  volume  xi  of  the  Philosophical  Transactions,  p.  679.  As  this 
is  the  earliest  notice  of  the  application  of  an  air  vessel  to  pumps  in  modem 
limes  that  we  have  met  with,  it  is  entitled  to  a  place  here. 

"  This  engine  [No.  147]  is  a  chest  of  copper,  piercud  with  many  hole* 
above,  and  holds  within  it  the  body  of  a  pump  whoso  sucker  is  raised  and 
abase  1  by  two  levers.  These  levers  having  each  of  them  two  arms,  and  each 
aritj  hsing  fitted  to  be  laid  hold  on  by  both  hands  of  a  man.  Each  levrr 
is  pierced  in  llic  miiidle  by  a  mortaise,  in  which  an  iron  nail  [bolt]  which 
passes  thnitigli  the  liamlle  [rod]  of  the  sucker,  turns  when  the  sucker  is 
riised  or  lowered.  Near  the  body  of  the  pump  there  is  a  cojiprr  ftol, 
1,  (air  vessel]  joined  lo  it  by  the  tube  G,  and  having  another  tube  K  N  L, 
which  in  N  may  be  turned  every  way.  To  make  this  engine  plav,  water 
U  poured  upon  the  chest  to  enter  in  at  the  holes  that  are  .a  th'e  covei 
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iliereof.     Tlio  -water  is  drawn  in  to  tie  body  of  the  pump  at  the  liole  F, 
11  die  time  when  the  sucker  is  raised  ;  and  when  the  same  is  let  down, 
ti»  valve  of  the  same  hole  shuts,  and  forces  the  water  to  pass  through  the 
hole  into  tlic  tuhe  G  of  wliich  the  valve  being  lifted  up,  the  water  enter* 
IBIM  llie  pot,  and  filling'  tlie  bottom  it  enters  througli  the  hole  intu  the  tube 
iK  N  Fi  in   such  a  manner,  that  when  tiie  water  is  higher  than  the  [orifice 
"rflhe]  tube  K,  nnd  the  hole  of  the  lube  G  is  shut  by  the  valve ,  the  air  in- 
tloaed  in  the  pot  hath   no  issue,  and   it  comes  to  pass,  that  wlien  you  con- 
IWuc  to  make  the  wafer  enter  into  the  ]K)t   by  the  ml)e  G,  which  is  much 
Aiclter  (larger)  than  the  apertun'  of  the  end  L,  at  which  it  must  issue,  it 
nimi  needs  \tc,  thiit   the  surplus  of  the  water   that  enters  into  the  jiot,  and 
exceeds  that  which  at  the  same  times  issues  througli  the  snnill  end  of  the 
jft,  ivm/trrtM'»  the  air  to  find   ]ilace   in    the  pot;   wliicli  makes  that,  whilst 
llic  sucker  is  raised  again  to  make  new  va'.cr  to  enter  into  ih"  Ik-1"  of  the 
pump,  the  air  which  has  been  compressed  in  the  pot  drives  the  surplus  of 
the  water  by  the  force  of  its  spring,  jieaiitime  that  a  new  conipresiion  of 
\kc  sucker,  makes  new  water  to  enter  and  causes  also  a  new  compression 
o(  the  air.     And  thus  the  course  of  the  water,  which  issues  by  the  jet,  is 
always  entertained   in  the   same  stau.'."     The  box  or  chest  had  t«o  pro- 
jecting pieces  on  each  side,  through  which  two  staves  were  passed  for  the 
convenience  of  carrying  it.     This  small  engine  apt>ear8  to  iiave  been  in 
every  respect  an  effective  one;  the  whole  of  the  parts,  both  of  the  pump 
luid  apparatus  for  working  it,  were  well  adapted  to  produce  the  best  ef- 
The  goose-neck  seems   to   ha^  e  been  formed  of  a  species   of  ball 
socket  joint. 
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ne  might  suppose  that  when  this  account  of  the  construction  and  ef- 
fects of  air  chambers  was  publislieii  to  the  world,  and  in  the  standard 
journals  of  France  and  England,  that  they  would  sjieedily  have  been 
kdopted  in  fire-engines  throughout  Europe.  Such,  however,  was  not  the 
fact;  on  the  contrary,  they  a])pear  to  have  remained  comparatively  un- 
known for  nearly  fifty  years  longer ;  for  it  was  not  till  the  ex]>irution  of 
the  first  quarter  of  llie  18lh  century  that  they  began  to  be  much  used,  and 
some  year-s  more  elapsed  before  they  were  generally  employed.  Wo  can 
only  arcount  for  this  by  the  limited  circulation  of  the  scientific  jouruaU 
named,  and  their  being  confined  principally  to  learned  men  ;  who  then  a» 
formerly  felt  indifferent  towards  mechanical  researches  :  mechanics  in 
tlinse  days  were   no  great  readers,  and  the  few  who  possessed  a  t.iste  for 
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oooks  were  commonly  widiout  the  means  to  gratify  it.     It  is  hswever 
singular  that  lliia  account  of  t]ie  air  vessel  alioulil   liave  escaped  the  re 
searches  of  Beckmaii,  ami  especially  so  as  it  was  rejiubli&lieil  in  ITOi  kj 
Harris  in  his  Lexicon  Technicum,  aial  in  1705  by  Lowthorp  in  the  ahndg- 
tnent  of  the    Philosophical    Transactions.     He  observes,    "  I    can   find  M 
'  Ucr  engine  with  an  air  chamber  than  that  described  by  Perranit,  niiJ  of 
which  he  has  given  a  figure.      He   says   it   was   preserved   in    tlie   king'i 
library  at  Paris ;   that  it   was    employed    for   throwing   water  to  a  grrtt 
height  during  fires  ;  and  that  it  had  only  one  cylinder,  ami  yet  threw  uul 
a  continued  jet  of  water.      He  neither  mentions  the  period  of  the  invention 
i:or  the  name  of  the  inventor,  and  I  can  only  add  that  his  book  was  priiilnl 
in  IG84."      Beckman,  in  a  note,  states  that  he  had  not  seei.   the   first  edi- 
lon  of  Perrault's  work,  and  therefore  knew  not  whether  iJie  French  en- 
gine was  described  in  it.      We  may  here  make  the  same  remark,  since  tlw 
vnly  copy  in  our  possession  is  of  the  edition  of  16S4,  having  endeavored, 
but  without  success,  to  procure  an  impression  of  the  previous  one. 

In  1G72  /lose  or  leathern  tubes  were  first  ()ublicly  used,  in  modern  tiines, 
to  convey  water _//o/«  engines  to  fires  by  John  and  Nicholas  Van  der 
Heide,  in  Amsterdam,  of  which  city  they  were  inspectors  or  stipcriuieuii' 
entg  of  fire  apparatus.  They  made  the  tubes  in  fitly  feet  lengths,  with 
brass  screws  fitted  to  the  ends,  so  that  any  number  could  <]uickly  be  cuu- 
nected  together,  us  occasions  might  require.  The  introduction  of  hose 
pipes  forms  an  epoch  in  the  history  of  firenmgines,  for  tliey  wonderfully 
tncreas<!d  the  eft'uct  and  extended  the  a[>plicati(Hi  of  these  machines.  Pre- 
vious to  their  adoption  large  engines  could  not  Ix:  used  to  extinguish  fircj 
in  the  interior  of  dwellings — it  was  only  when  the  flames  burst  throudi 
Jis  windows  or  roof,  that  tliey  came  into  play  ;  and  even  then,  if  was  oficB 
with  dllficulty  and  danger  that  thev  could  be  brought  sutficiently  near  to 
discharge  the  water  with  effect,  while  in  most  ciises  the  jet  was  so  tr.tich 
diffused  by  the  resistance  of  the  air  or  wind  as  to  descend  rather  in  a 
shower  of  spray  than  in  a  cotnjmet  stream.  For  want  of  hose  the  engines 
themselves  were  also  freijuently  burnt;  this  was  indeed  a  common  occur- 
rence, and  is  often  mentioneil  in  the  notices  of  confl;igration9.  In  the  great 
itre  of  London  the  rapid  spread  of  the  flames  drove  the  firemen  from  theii 
engines,  and  many  were  consumed.  In  1731  a  great  part  of  the  town  ol 
Blandford,  England,  w»s  destroyed,  and  in  an  account  published  by  nna 
of  the  sufferers,  it  is  said  "the  engines  were  play'd,  but  were  soon  burnt." 
This  loss  of  enijines  was  invariably  caused  by  the  want  of  hose  ;  for  when 
plenty  of  the  latter  is  at  hand,  the  former  can  be  placed  and  worked  &' 
any  convenient  distance  from  the  fire,  and  the  liquid  discharged  upon 
almost  any  piirt  of  it. 

Another  advantage  resulting  from  the  introduction  of  leathern  pi|>et 
was  in  making  the  engines  supply  themselves.  Before  the  use  of  ho«e, 
water  was  pimred  from  buckets  into  the  cistern  in  which  die  pumps  were 
i»laced  ;  hence  when  a  fire  broke  out,  one  of  the  first  objects  was  to  foriu 
a  lane  of  men,  extending  from  the  engine  to  the  nearest  rivulet,  jnrnd, 
well,  or  other  source  of  water ;  those  on  one  side  passed  along  the  full 
buckets  to  the  engine,  white  those  on  the  other  returned  the  emjitv  ones.  To 
dispense  with  this  mmiber  of  men,  the  Van  der  Heides  screwed  one  end 
of  a  hose  pipe  to  the  lower  part  of  the  cistern  and  extended  the  other  to 
the  edge  of  a  pond  or  well,  where  its  orifice  was  widened  into  a  bag  that 
was  kept  open  by  a  frame.  Into  this  bag  the  labourers  poured  the  con- 
tents of  their  buckets,  and  sometimes  portable  pumps  were  used  to  raM 
water  into  it,  for  it  was  necessary  that  it  should  be  suflRcienlly  elei'aled 
above  the  cistern  of  the  engine  that  its  content!  might  readily  flow  inu 
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Uie  latter.     This  was  die  first  step  towards  usin^  nctwn  hose,  anj  cnn 
sequentJy  towards  making  an  engine  supply   itself.     Perhaps  it   nmv   be 
thought  stfkiige  that  they  did  not  adopt  tins  plan   at  first  instead   of  the 
device  just  descri^>ed,  hut  in  point  in  fact  they  could  not,  for  itefore  suc- 
tion pipes  could  he  used,  n  radical  change  was  required   in  the  construe 
tiiin  of  the  lower  |iiirts  of  the  punipii,  and  one  tliat  could  not  without  niucli 
difficulty  and  expense  be  made  in  the  old  engines.     Hence  the  Von  der 
Heides  very  properly   preferred  making  new   machines   altogether  ;    to 
■rhich   they   adapted   suction    pipes.     These   great   improvements   were 
Hk^ie  about  lti7o.     In  1677,  one  or  both  of  the  Van  der  Heides  obtained 
hB  exclusive  privilege  to  construct  such  engines  for  twenty -five  years.    In 
1695  there  were  in  Amsterdam  upwards   of  sixty  of  their  engines,   and 
when  0  fire  broke  out,  tlie  six  that  were   located  nearest  were   taken  to 
extinguish  it.      The  use  of  leather  and  canvas  hose  became  genera!  in  the 
next  century.     In  1720  the  latter  was  tvoven  without  seams  in   Leipsie 
and  otJier  places  in  Germany, 

Whether  the  engines  of  the  Van  der  Heiiles  had  air  vesuh  is  nut  ascer- 
tained ;  Professor  Beckinan  says  their  internal  construction  is  no  where 
represented.  There  is  strong  evidence  that  they  had  none  ;  for  so  late 
as  the  first  quarter  of  the  ISth  century,  the  Dutch  engines  were  not  gener- 
ally furnished  with  them,  and  this  would  certainly  not  have  been  the  case 
had  they  ever  been  "  common  in  all  the  towns  of  the  Netherlands,"  as  Van 
der  Heide's  engines  were.  Mr.  Chambers,  in  his  Cyclopedia,  A.  1).  1728, 
observes,  article  Hi/drocaniatrrium,  "  The  Dutch  and  others  use  a  long 
flexible  tube  of  leather,  sail-cloth,  or  the  like,  wliich  they  corry  or  conduct 
in  the  hand,  from  one  room  to  another,  as  occaR:on  re<piiies ;  so  thot  the 
engine  may  be  applied  where  the  fire  is  only  withmside,  and  does  not 
burst  out  to  expose  it  to  its  externa]  action.  To  improve  on  this  original 
fire-engine,  they  have  tince  contrived  to  miike  it  yield  a  continual  stream." 
At  the  time  Belidor  wrote,  air  vessels  were  not  commim  in  Holland,  and 
in  1744,  Desaguliers  speaking  of  their  advantages,  remarks,  "  In  the  use 
of  engines  to  put  out  fires  which  have  no  air  vessels,  like  the  Dufih  en- 
gine*, or  old  parish  endues,  a  great  deal  of  water  is  lost  at  the  beginning 
upd  end  of  the  jet  or  spouting  of  the  water."  Philos.  ii,  164.  Beckmnn 
HnrB,  it  is  certain  tlial  air  vessels  were  not  common  in  Germany  till  after 
r  tnev  were  us>"j  *>y  L-iopold. 

Verier  in  France,  Leopold  in  Germany,  and  Newsham  in  England, 
contemporaneous  enffine  makers  in  the  early  part  of  the  18th  century, 
were  greatlv  celebravcd  in  their  respective  countries.  They  were  some- 
times considered  inveirtors  of  the  fire  engine,  though  very  erroneously, 
for  so  far  as  tlie  principle  of  its  construction,  application  of  the  air  ve»- 
iel,  goose-neck,  flexible  pipes  of  leather  and  canvas,  the  connection  of 
these  by  screws,  &c.  were  concerned,  the  engine  was  perfected  before 
their  time;  indeed  not  one  of  them  contributed  any  thing  essential  to  't. 
Their  merit  consisted  in  improving  these  machines  in  various  minor  detiiils  ; 
in  the  arrangement  of  the  different  parts,  construction  of  the  carriagef 
mode  of  comrnunicatinsj  motion  to  the  pistons,  and  in  renelering  the  whole 
more  duralile  and  elfiiicnt  by  superior  workmanship  and  materials.  In 
these  respects  tlie  English  engineer,  we  believe  surpassed  his  crirnpetltors, 
but  then  ne  was  the  last  of  the  three  that  entered  the  field,  for  Pener  started 
before  Leopold,  and  both  were  some  years  in  advance  of  Newsham. 

No  account  of  Perier's  engines  is  to  be  found  in  modem  books  ;  even 
Belidor  haa  taken  no  notice  of  them.  To  supply  this  deficiency,  we  ii> 
tended  tn  insert  a  fig-jre  of  one,  taken  from  the  2d  ed.  of  Poliniere's  "Ex- 
periences de  Physique,"  Paris,  1718,  (the  only  work  with  which  we  are 
iiiled   thai  co'  taint  a  representation  of  them,}  but  on  account  of  the 
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unusual  number  of  illustrations  required  in  this  cliapter,  ii  is  omitte'l.    A 
short  description  will  suffice.     After  dfscribinof  an  alrnosphcilc  pump  I* 
longing  to  llie  arsenal  of  Paris,  and  annther  attaciied  to  a  hotel  in  the  fm 
bourg  St.  Antoine,  which  had  two  spouts  and  two  valves  in  the  suctiot 
pipe,  tlie  author  observes,  J  'ay  vu  u  Paris  des  potnpes  dont  on  se  scrt  poiu 
tilcher  d'eteindre  le  feu  quand  il  arrive  des  iiicendies;  and  he  then  enter! 
into  a  minute  description  of  one  of  these  Parisian  engines.    In  it*  gcncttl 
8p{>earaiico  it  resembled  the  Dutch  one  No.  1-18,  consisting  of  two  woit- 
Mig  cylinders  with  an  air  vessel  between  them,  the  piston  rods  moved  by 
d  double  lever,  through  the  ends  of  which  slaves  four  feet  in  length  were 
inserted.     The  pump  cylinders  were  sixteen  inches  long  and  four  in  dii- 
meter,  but  instead  of  being  olaced  in  a  square  wooden  box  or  cistern, 
they  wore  secured  in  an  open  copper  pan,  of  an  oval  sha|>e,  and  the  sane 
depth   as  the  cylinders,  and  fastened  by  bolts  to  a  base  of  wood  or  piece 
of  plauk,  to  the  four  corners  of  which  short  ropes  were  fastened.     At  one 
end  of  the  pan,  the  leather  hose  which  conveyed  the  water  to  the  fire  wat 
connected  by  a  screw  to  a  copper  pipe  that  communicated  with  the  lower 

fiart  cif  the  air  chamber.  The  leather  lubes,  Poliniore  observes,  were 
ubricated  with  a  composition  of  tallow  and  wax  to  render  them  pliable; 
and,  to  i>revent  mice  and  other  vermin  from  destroying  them,  soaked  in 
an  infusion  of  colycinth  or  bitter  apple.  In  furnishing  the  pumps  >vith 
water,  Ferier  adopted  the  first  device  of  the  Van  der  Heides,  and  henco 
We  infer  that  he  was  ignorant  of  the  better  mode  of  making  them  supply 
themselves  through  suction  pipes.  As  they  could  only  draw  water  out  of 
llie  vessel  in  which  they  were  placed,  and  it  being  too  small  and  inconve- 


nient for  numbers  of  people  to  pour  the  contents  of  their  buckets  into  it 
when  the  engine   was  in   use,  a  canvas  or 


iienis  oi  iiieir  uucKeis  mio  u  b 
sail  cloth  bag,  coaled  with  fl 
pitch  or  tar,  was  connected  by  a  flexible  pipe  of  the  same  material,  to  the  ' 
lower  part  of  the  pan.  This  hag  was  of  a  conical  form,  the  wide  end  be- 
ing uppermost,  and  supported  with  llic  mouth  open  on  a  folding  frame,  , 
sometliins;  like  a  high  cump  stool.  Into  this  bag  the  water  for  the  supply 
of  tlie  pumps  was  poured.  It  might  of  course  be  ]>laced  at  any  ccmvcni-  I 
ent  distance  from  the  engine,  by  means  of  addiuonal  lengths  of  pipes  that 
were  always  kept  ready  and  which  were  connected  together  by  screw*. 
These  engines,  Polinicre  says,  forced  the  water  through  the  orifice  of  tha 
jet  pipe  to  a  surprising  distance.  He  observes  also  that  smaller  ones  wer« 
m  use ;  which  coiisintod  of  a  single  cylinder  and  air  chamber,  and  were 
worked  by  a  single  lever. 

The  following  extract  relating  to  Perier's  engine  is  from  the  Diction-  I 
naire  CEcoiiotnique,  3d.  edit.  Paris,  1732,  from  which  it  appears  tliat  at  | 
that  date  they  were   small  affairs,  and  ditTered  but   little  from  our  garden 
engines;  in  other  words,  they  were  then  nothing  more  ihan  pompet  porta-  I 
tine,  the  name   by  which  they  were  designated  at   the  first.     "  La  |>ompe 
que  le  Sieur  du  Perier  a  invenlee  ou  perl'eclionn«5e  est  tros  commode  dans 
les  incendies.     Deux  hornmes  la  peuveiit  aisement  transporter  avcc  tout, 
son  attirail,  et  la  placer  dans  !el  lieu  que  Ton  voudra.     II  n'est  pas  neces- I 
saire  ipt'elle  soil  dans  I'endroit  oti  se  trouve  I'eau,  il  y  a  un  canal  de  coutil  j 
cire   en  dedans,  qui  sen  il  conJuire  Teau  jusqu'a'la  pompe.     Ce  canid' 
peut  etro  aii:^mento  en  y  adaptruit  d'autrqs  canaux  fails  do  la  rnfime  facon. 
La  pompe  etaiit  |)!acee  dans  le  lieu  le  plus  commode,  ou  peut  encore  por- 
ter I'eau   dans  le  plus  fort  de    Tinccndie   par  le  moien  d'un   canal,  qui  e«t 
fait  de  cuir,  et  (pi'on  augmenle,  autaiit  (|u'on  veut,  en  y  ajoiitant  d'autref 
canaux  p;ir  le  moien  de  quelques  vis.      La  matierc  dont  est  compose,  ee 
ciinal  donne  la  facilile  de  passer  d'un  appartemont  dans  I'autre  pour  an* 
pliqucr  I'eau  dans  rcndroit  le  plus   necessaire.     Les  circonvolution*  tit;  ' 
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canal  n'cm]<£cheiit  point  I'eau  d'agir  avec  violence,  et  la  force  avec  la> 
queLe  elle  agit  est  d'autanl  plus  gruiide,  que  les  homines  qui  font  aller  la 
pomne,  etnploient  eux-memos  plus  de  force,  la  quantile  d'eau  depend  en- 
core du  noinbre  de  pistous." 

In  1C99  Pcrier  obtained  from  the  king  an  exclusive  privilege  to  con- 
ftruct  fire-engines,  wiiiih  Profetsor  Beckman  thinks  were  the  first  public 
«jue»  eraploved  in  Paris.  In  1716  an  ordinance  of  the  king  directed  a 
larger  number  than  those  already  in  use,  to  be  distributed  in  diflerent 
parts  of  the  citv,  and  public  notice  to  be  gi\en  where  they  coulj  be  iuund 
in  dase  of  fire."  In  1722  thers  were  thirty  in  use,  besides  others  belong- 
ing to  public  buildings.  As  these  machines  had  air  vessels,  it  is  strange 
that  Belidnr  neither  mentions  the  fart  nor  refers  to  Paris  engines  at  all. 
After  describing  a  Dutch  one,  No.  148,  he  quotes  (as  if  he  knew  of  no  others 
with  air  vessels)  Perrault's  description  of  the  one  that  was  in  the  king's 
librarj'  fifty  years  before,  and  an  account  of  another  that  Du  Fay  saw  at 
Stra4»l>ourg  in  1725. 

Leopold's  engines  do  not  appear  to  have  possessed  any  peculiar  feature 
lo  which  he  could  lay  claim  as  inventor.  They  seem  to  have  been  iden- 
tical or  nearly  so  with  the  one  described  in  the  .loumal  des  Suvans  forty 
years  before,  (No,  147.)  Each  consisted  of  a  single  pump  with  an  air  ves- 
■el  enclosed  in  a  copper  chest.  One  man  raised  a  jet  by  it  to  the  height 
of  from  twenty  to  thirty  feet.  Leopold  kept  the  construction  for  some 
time  a  secret,  and  with  this  view  ihe  pump  was  entirely  enclosed  in  the 
chest ;  a  cover  being  soldered  on  tlic>  latter.  Beckman  says  he  made  and 
•old  a  great  number  of  (he tn.  In  17^0  he  published  a  description  of  them 
m  a  pamphlet;  and  in  1724  he  inserted  an  account  of  them  in  his  Tfieatrvm 
Machinamm  Ht/tIr<iuJicarum,  a  work  published  that  year  at  Leipsic  ia 
three  volumes  folio. 

The  annexed  figure.  No.  14S,  exnioits  an  improvement  on  Leopold's 

engine,  having  two  cylinders  and 
workingby  a  double  lever.  Small 
engines  seem  to  have  been  prefer- 
reil  to  those  of  large  dimensions, 
such  as  were  made  by  Hautsch, 
or  those  of  modern  times.  Before 
the  introduction  of  hose  pipes, 
small  ones  were  certainly  more 
useful,  since  they  could  be  carried 
into  any  part  oi'  a  house  when  on 
fire,  but  when  flexible  pipes  of  I'-a- 
ther  and  canvas  became  common, 
their  elliaency  was  not  to  be  com- 
pared with  that  of  the  large  sizes. 
English  fire-engines  were  much  the  same  dimensions  as  those  used 
on  the  continent  till  Newsham  and  contemporary  engineers  introduced 
•jthers  that  approached  in  size  tliose  in  present  use  ;  hut  '"fr  several 
vcars  after  the  smcUer  ones  retained  the  preference.  The  London  ma- 
liufactuw^rs  made  six  different  sizes,  the  larger  one  only  being  placed 
on  wheels.  Even  in  the  middle  of  tlie  18th  century  such  as  are  re- 
iircsented  bv  thu  lisjure  on  the  next  page  were  cnmtnor  in  that  city.  A 
umilar  figi;re  was  published  by  Mr.  Clare  in  173.5  in  his  work  on  the 
notion  of 'fluids,  and  so  late  as  1765  it  was  described  (ir>  the  London  Ma- 
patine  for  that  year)  as  the  engine  in  common  use.     As  an  indication  that 
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air  vetsels  were  not  used  in  England  before  the  I81I1  century,  it  may  be 
observed  that  in  tlie  year  last  named,  those  engines  which  had  tlicm  wcw 
named  "  constant  glri-iim'd  engines,"  to  distinguish  them  from  tliose  dill 
had  none — such  being  cahed  siiuirting  engine*. 


%:S^ 


^^ 


No.  149.    Eii|IUIi  Fire-Kogiae  ofilir  iin  :'.u  "i  in>   l^tli  croiury. 

In  1729  Swilaer  published  his  System  of  Hydrostatics,  in  which  ha  in 
Bcrted  the  circulars  of  two  rival  engine  makers — Fowke  and  Xcw&hani. 
Aa  these  documents  contain   some  interesting  particulars  respecting  Um 
state  of  practical  hydraulics  at  the  time,  as  well  as  of  fire-engines,  we  insert 
•ome  extracts  from  each,  previous  to  introducing  Newsham's  engine. 

"  Mk.  Fuwkk.  Nighl.ingah  Lane,   ll'ap/ting  :  makes 

"  1.  Cmulunl.  itrcam'd  engmes  for  extingiiisliinir  fires,  the  large  size*  play 
two  streams  at  once,  being  the  first  and  only  of  their  kind,  and  dfies  (lie 
office  of  two  engines,  and  so  contrived  as  to  be  drawn  through,  (and  i/ 
occasion  rcc^uires,)  workeil  in  a  passage  three  feet  wide,  wliiih  no  other 
can,  and  will  feed  themsdK'es  with  a  sucking  pipe.  Their  movements  are 
easy  and  natural,  having  a  perpendicular  .-itrnkc,  and  are  witlio\it  either 
rack,  wheel,  chain  or  crank,  whereby  the  friction  is  lessened  more  than 
any  others,  and  consequently  recpiircs  less  strength,  are  more  useful,  and 
less  liable  to  disorder  and  decay,  and  much  ehpat>er  than  any  other ;  and 
therefore  are  by  judicious  persons  esteemed  j)referable  to  all  others.  Bv 
screwing  a  pipe  they  water  gardens,  dispersing  the  particles  of  water  for 
about  fourteen  yards  square,  lii<c  small  rain.  The  four  larger  sises  run 
on  wheels,  and  the  other  two  carried  by  two  men  like  a  chair. 

"8.  Engines  which  will  work  either  by  water,  wind,  horses  or  tnen,  >>•• 
so  C(iiiirived  that  either  may  work  at  a  time,  or  be  assistant  to  cuch  otli^r, 
whereby  large  cjuantilies  of  water  may  be  raised,  so  that  if  the  height,  ait 
tance  and  quantity  required  be  knowr  the  expense  and  strenglli  may  be 
calculated  so  as  to  serve  cities,  towns,  noblemen  and  gentlemen's  seao 
and  fountains,  brewers,  distillers,  dyers;  and  for  draining  of  lands,  ponJt, 
and  mines  of  load,  coal,  &c. 

"3.  Pumps  which  may  be  worked  by  one  man,  for  raising  water  out  ol 
anv  well  upwards  of  one  hundred  and  twenty  feet  deep,  sufficient  for  Uui 
service  of  any  private  house  or  family  ;  and  so  contrived  that  by  tuniilis 
a  cock,  may  supply  a  cistern  at  the  top  of  the  house,  or  a  bathing  mMOi 
in  any  room  ;  and  by  screwing  on  a  leather  uit>c,  tiie  wa:?r  may  b«  sen 
reyetl  either  up  sluirs  or  in  at  a  wmdow,  ip  lase  of  any  fire. 

"4.  All  manner  of  fancies  in  fountains." 


^ 
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AAer  refcrnng  to  a  number  ofmachinea  erected  V)V  him  in  London  and 
its  viciiiitv.  Mr.  Fowke  cuncludeg  with  a  table  of  price*  of  fire-cii^iic8. 
the  tniitllest  lieiiig  <£14  and  the  largest  -£60.  Newsliam's  circular  u  ol>- 
I'lousiy  designi'd  to  counteract  the  effect  of  Fowke'g. 

■     •'  Ilicii  tuu  NcTTSHAM,  of  Clolh  Fair,  London,  engineer,  makes  the  most 

aseful,  .s\d»stiiniial,  and  convenient  engines  lor  quenching  tires,  w  liich  carrivt 

^"HIiHual  strrairu  with  great  force.   He  hath  plav'd  several  of  them  l>efore 

nis  raajesty,  and  llie  tioliility,  at  St.  James's,  with  so  general  on   apjjroba- 

Hon,  that  the   largest  was  at   the   same   time   ordered  for  the  use  of  that 

''*>\'il  palace.     And  as  a  further  encouragement  (to  prevent  others  from 

'»»sikiiig  the  same  sort,  or  any  imitation  thereof)  his  majesty  has  since  been 

grnciously  pleas'd  to  gmnt  him  his  second  letters  patent,  for  the  better  se- 

•^■•jring  his  property  in  this,  and  several  other  inventions  for  raisiiig  water 

ft^ora  any  dof)th,  to  any  height  reipiired. 

*'  The  largest  engine  will  go  through  a  passage  about  three  foot « ide,  in 

**T»mp»lete  working  order,  without  taking  oil  or  putting  on  any  thing  :  and 

Tiay  be  worked  with  ten  men  in  the  said  passage.     One  man  can  quicklv 

s».nd  with  (■■«;,  move  the  largest   size   about,  in   the   compass  it  sliinds   in: 

^nd  Is  to  be  ])liiy'd  without  rocking,  upon  any  uneven  ground,  with  hands 

and  feci,  or  hands  only,  which  caniiut  be  parallel'd  by  any  other  sort  whot- 

»oerer.     There  is  convenicncy  for  above  twenty  men  to  apply  their  full 

strength,  and  yet  reserve  both  ends  of  the  cistern  clear  from  incumbrance, 

that  others  at  the  same  time  may  be  |iourii)g  in  water,  which  driiins  through 

Wgc  ctipjier  strainers.     The  staves   that   are  fixed   through   the   leavers, 

along  the  sides  of  the  engine,  for  the  men  to  work  by,  though  very  light, 

as  alternate  motions  with  quick   returns   require  ;  yet  will  not  spring  and 

k-se  tune  the  least :   but  the  staves  of  such  engines  as  are  wrought  nt  the 

em's  of  the  cistern,  will  spring  or  break,  if  they  be  of  such  a  length  as  is 

necessary  fur  a  large  engine,  when  n  considerable  power  is  apply'd  :  and 

cannot  be  fix'd  fast,  because   liiey  must  at  all   times  be  liikcn  out  before 

that  engine  can  go  through  a  passage.     Tiie  playing  two  stnranis  at  once, 

do  neither  issue  a  greater  quantity  of  water,  nor  is  it   new,  or  so  useful, 

there  having  been  of  th'.-  like  sort  at  the  steel-yard,  and  other  places,  thirty 

or  forty  years;  and   t!iv  water  being  divided,  the  distance  and  force  are 

accoriiingly  lessen'd  thereby. 

"  Those  wlio  pretend  to  iiiuke  the  forcers  work  in  the  I)arrels,  with  a  per- 
pendicular stroke,  wilhout  mck,  wheels,  chains,  crank,  pully,  or  the  like, 
by  any  kmd  of  contrived  leavers,  or  circular  motion  whatsoever,  with  less 
friction,  than  if  guided  and  work'd  by  wheel  and  chains,  (wliicli  of  all 
methods  is  tlie  l>e»t,)  do  only  discover  their  igiiornnce  ;  they  may  as  rea- 
sonably argue,  that  a  great  weight  can  be  dragg'd  upon  a  sledge,  with  as 
little  strength,  as  if  drawn  upori  wheels 

"  As  to  the  treddles,  on  which  the  men  work  with  their  feet,  there  is  no 
metliod  sn  powerful,  with  the  like  velocicy  rr  quickness,  and  more  natural 
and  safe  for  the  ra-sn.  Great  attempts  have1)een  made  to  e.xceed,  but  none 
yet  could  equal  t:.is  sort  ;  the  fifth  size  of  which  hath  piny'd  above  the 
grasshoiqer  -jpon  the  Hnyal  Exchange  ;  wri:,h  is  upwards  of  fifty-five 
yards  high,  ana  this  in  the  presence  of  m:iny  triousar.c  q^ectators. 

"  Those  with  suction  feed  themselves  with  water  I'Vom  a  canat,  pond, 
well,  &c  C7  out  of  theii-  own  cisterns,  by  the  turn  of  8  cock,  without  in- 
terrupting the  stream.  They  are  far  less  Hab'e  to  di-f  rder.  much  more 
durable  in  all  their  parts,  than  any  extar.t,  and  p'sy  cfTlarge  quantities  of 
water  to  a  great  difrir.ce,  either  from  the  enjjine,  or  a  leather  pipe,  oi 
pipes  of  any  length  reqi:ir'rt  ;  (ttio  scrrwa  all  fitting  each  other.)  This  tlie 
ciiinbersorne  squirting  engi.ies,  which  take  up  four  times  more  room,  can 
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not  perform ;  neitTier  do  they  tbrow  one  fourth  part  of  their  water  on 
fire,  at  thi-  like  liistiinccs,  but  lose  it  hy  the  way,  nor  can  they  xisf  lei 
pipe  with  them  to  much  advantage,  whatever  necessity  there  iiiav  be  fd 
It     The  five  large  sizes  go  upon  wheels,  well  box'd  with  hra«s,  fitted  I 
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go  upon 
ajid  tlie  other  is  to  be  carried  like  a  chair." 

No.  150  is  a  vertical  section  nf  the  putn|l 
imf?^UJ  '1  Newsham's  engine,  wiili  the  uir  ve 

/       "  j£       .v  between  them,  and  showing  also  the  secto 

l^s.JU'**^  ^'  \  and  chains  by  which  motion  is  tmiismlin 

from  the  levers  to  the  piston  ro«J»,  ami  the 
latter  preserved  in  a  perpendicular  po»ii)o 
The  chains  are  similar  to  watch  chain* 
their  construction,  and  the  length  nf 
is  equal  to  the  arc  of  one  of  the  sec 
Four  are  used,  two  to  each  sector.  Th 
nuiile  of  operation  is  in  this  manner: 
end  of  a  Cjhain  is  fastened  to  the  top  ofJ 
piston  rotlT by  a  bolt  and  nut  as  reprete 
ed,  and  the  other  end  riveted  to  the  lo« 
extremity  of  the  nector;  so  that  when 
latter  is  turned  down  hy  depressing 
lever,  it  necessarily  draws,  Viy  this  ch 
the  piston  down  with  it.  Another  chainj 
fastened  in  tlie  same  manner  to  the  lov 
part  of  the  piston  rod,  (that  is  above  the  < 
lindcr,)  and  the  u]>per  extremity  of 
••  if-  lA*^^  sector,  and  hence  when  the  lever  is  elevatcil,  this  chain  raises  the  piston  ' 
'  ,  -        it.  He  prcbalily  derived  the  idea  of  thus  working  ihem  from  Newcorae 

mode  of  working  pumps  by  the   atmospheric  steam-engine.     The  rou 
opening  l>el(iw  the  valves  in  the  above  figure,  is  where  the  suction  \iX^ 
.1    IS  continued  to  tho  hose,  shown  at  one  end  of  the  cistern  in  the  next  figure 
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Ho,  151  >■  Ml  external  view  of  one  of  Newshnm's  engines  nt  the  Itma 
lofhis  Jeaih,  as  drawn  by  Mr.  Labclye,  llie  ciigiiiecT  i>f  Wesnniiisler 
I  briJg<?,  «nd  insorted  by  Desaguliers  in  tlie  second  volume  of  his  F'lnloso- 
pliVi  in  1744.      It*  general  appearance  is  far  inferior  to  mcdom  onrs,  but 
tlie  MH;nii»l   parts — the   pumps — were  equal   to   those   now  used.     The 
Luxong  iron   shaft  by  which  the  rislons  were  raised  and   depressed  wo* 
jtuiiUuued  alon^  llie  top  ni'  tlie   cistern,  and  lo  it   the  levers  were  securcc 
ImaI  present ;   but  in  addition  to  the  levers,  sectors,  like  those  dial  moved 
I  ;iic  pistons,  were  also  fastened  lo  it — portions  of  two  of  those  ore  shown  it. 
IniFCul,  and  there  were  two  others  near  the  upright  case  :  to  thf-ir  'J])per 
(itrts,  two  long  stt^ps  of  pl.-iiik,  or  (rcililirt,  were   suspended   by   short 
ciiiins,  and  on   these  planks,  six   men,  ^vho  stood   upon   lite  cistern  and 
lield  by  the  hand  rails,  allernntely  threw  their  weight ;   first   on   the   tred- 
iticonone  side  of  the  carnM<re,  and  then  on  the  other,  and  thus  aided  the 
Sremen  at  the  levers  in  working  the  engine.     The  box  or  trough,  with  a 
gnte  within  it,  at  the  end  of  the  cistern,  was  for  the  purpose  ol'omptving 
uuckels  of  wafer  to  supply  the  pumps,  when  the  suction  l)ipe  (figured  bo- 
low  it)  was  not  used.      The  small  Rap  on  the  end  of  ihe  upright   case  co 
vetwl  printed  direciions  how  to  use  and  keep  the  engine  in  order. 

If  the  section.  No.  l.'iO,  be  compared  vrxth  English  engines  in  previoua 
<ise,  one  of  which  is  ficrured   at  No.  149,  it  will   be  seen  at  a  glance  how 
P'i'it  wcie  the  improvements  lliat  Newshara  introduced.     Tndejjendently 
of  tJie  three  most  original  of  his  contributions — the  sectors  and  ch.Tins — 
•reddles — and  working  the    pumps  with    long  staves   at  the  sides  of  ihe 
Carriage  instead  of  short  ones  at  the   ends — the  whole  machine  was  im- 
proved more  or  less  in  every  part.  To  keep  the  cistern  and  levers  as  low 
*s  possible,  the  carriage  was  placed   ou  bent  axles.     He  introduced  and 
•tnproved  the  three-way  cock,  and   the   goose-neck  was   perfected  in  his 
•  uods  ;   the  elbows  l)eing  jointed  to  each  other  by  very  fine  So-sws.      Fe 
•sguliers  thought  lliat  no  jwrt   of  the  cnfiiie  could  be  altered  for  the  be'- 
ter.  .  A  writer  in   the  London  Magazine  for  1732,  (page  395,)  says  thai 
^"ewsham  in  these   machines  gave  "  a  nc'i'er  present   lo  his  country  than 
jf  he  had  added  provinces  to  Great  Bri  i  n."     Their  merits  were  gene- 
rally acknowledged  ;  he  received  orders  for  tliem  from  various  partj  of 
Europe,  and  it  will  l>e  seen  in  a  subsequent  part  of  this  chapter  that  those 
first  used  in  this  city  were  made  by  him. 

The  celebrity  his  engines  acquired  had  a  blighting  effect  on  other  ma 
sufacturers — like  Aaron's  rod  swallowing  up  those  of  his  competitors. 
His  engines  were  purchased  for  the  use  of  the  parishes  lltroughont  the 
country  generally,  and  also  by  the  various  insurance  companies,  wh^:h, 
nnlike  ours,  are  at  the  sole  expense  of  extinguishing  fires,  and  of  provid 
ing  the  means  to  effect  it.  Every  insurance  company  in  English  cities 
keeps  in  its  p.iy  a  numljer  of  firemen  to  take  charge  of  and  work  its  own 
engines.  Two  horses  are  attached  to  each  engine  to  draw  it  to  and 
from  fires.  The  height  of  /he  jet  from  New-sham's  engines  was  about 
fifty  feet.  He  mentions  in  his  circular  having  thrown  it  lo  an  elcvaiioQ 
^^fifiy'fi^^''  yrtfj,  but  he  was  certainly  mistaken. 

Severa.  improvements  have  been  made  in  English  fire-engines  cince 
Newsham's  time,  but  thev  ai-e  chiefly  confined  to  the  carriage,  and  to  de- 
Iftjis  and  ar-angements  of  the  various  parts.  Treddles  are  dispensed  with, 
•ml  the  carriages  are  made  longer,  so  that  a  greater  number  of  men  can 
be  employed  in  working  therr.  They  resemble  American  engines  so 
closely,  that  a  separate  figure  of  a  modern  English  engine  is  unnecessary. 
The  reader  is  therefore  referred  io  No.  154.  Others  on  the  principle  of  thi< 
■ami-rotaJ'y  pump,  (No.  140,)  are  also  used  to  a  limited  extent  In  LopdoiL 


Moilcm  French  Engine 

Till-  folli'wing  fiifure  t>f  a  modern  French  fire-engine  is  from  the  Ma- 
nuti  ilu  Fiimliur ;  Paris,  18"i9.  It  consists  ol'  two  cvlindors  aiid  sn  air 
vessel  arninged  in  the  usiinl  way.  One  of  the  piim[is,  and  half  ol' the  ait 
chntnlipr,  is  shown  in  section.  The  cistern  is  more  elevated  flian  in  Eng- 
lish or  American  engines,  and  from  the  conserjuent  height  of  the  \eyen 
would  seem  more  inconvenient  to  be  worked.  Tlio  suction  pipe  ii  dl 
copper  Willi  folding  joints,  and  a  perforated  hollow  ball  at  the  extremity  to 
prevent  dirt  or  gravel  from  entering  wii.h  the  water.  A  short  leatheni 
tube  connects  this  pipe  with  the  suction  cock.  This  engine  is  worked  U 
the  ends  of  the  carriage,  and  the  piston  rods  are  connected  to  the  lever  by 
•iings.  1111(1  made  to  rise  and  fall  in  a  perpendicular  position  by  radius  bin 
jointed  to  the  upper  ends  of  the  latter,  and  to  permanent  pieces  tliat  ptf 
jert  from  the  frame  that  supports  the  fulcrum. 
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The  elevation  of  the  jet  depends  upon  the  pressure  to  which  the  «ir  in 
the  air  chamber  is  subjected ;  the  elasticity  or  spring  of  that  fluid   lieinj  ■ 
inversely  as  the  spjvce  it  is  made  to  occupy.     Before  an  engine  is  set  to  I 
work  the  interior  of  the  chamber,  like  that  of  all  einjitj/  vesR<ds,  (to  use  a] 
vulgar  solecism,)  is  filled  with  common   air,  of  that  degree  of  density  iftl 
which  it  npjH'ars  near  the  earth's  surface  ;  but  when  the  pumps  are  set  tSI 
work,  the  water  forced  by  them  into  the  chamber  crowds  the  air  info  the  j 
doir.e  or  upper  part  nf  that  vessel,  whence  there  is  no  pnssnge  for  its  e*"! 
cape;  and,  as  the  liijuid  accumulates,  the  air  is  condensed  more  and  morcil 
Uiil.l,  by  its  reaction  on  the  surfan  of  the  water,  it  drives  the  hitter  tiiroTigbl 
the  jet  or  hose  pipe,  and  with  a  force  exactly  proportioned  to  the  degree 
of  its   compressnre.     Thus  ii'  the  vo'iumo  of  air  in  the  chamber  be   com- 
pressed into  half  its  ''>ulk,  the  jef  wo'ild  rise  to  about  32  or  33  feet,  (if  not 
retard'-d  by  friction   "ir.ijles  or  other   inperfi-ctions  in  the  pine;)  and  if  it 
were  made  to  occ^ry  jne  |!-.'rd  of  its    former  space,  its   spring'  would  l>« 
three  limes  greater  tl-»n  rommnn  air,  and  would  force  the  jet  to  an  elevi- 
cion  of  about  61  or  f$6  feel ;  and   no   cc.     A  tabular  statement,  similar  to^ 
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tV  fiitiowing.  exhibiting  the  rplation  between  the  height  of  a  jet  and  the 
»ir'»  cirmpresaure,  has  long  been  published.  It  is,  however,  ol'  lillle  usij 
Ui  ptTictical  men.  We  doubt  if  a  column  of  water  of  the  size  of  those 
ttuxiwn  by  ordinary  engines  could  be  raised  by  any  means,  two  lii.nurv<I 
twt  above  llie  orifice  of  the  pi]'e  whence  it  issued  :  tlie  lesistance  of  tho 
limospherb  would  disperse  k  before  it  could  reach  that  elevation. 

Vohuu  of  SIT  eontmned  in  ili«  air  Kalio  of  (he  air'a  H«i|bl  to  whirh  ii  ia  aaid  Uw 

aJa*ticll  jr.  a  ate    w  ill  apvaL 

-       -       .     2       -       -       -         33  leei 
-     3       -       -       -         00    '« 
-       -     4       -       -       -         99    •' 

i       ...       -     6       -       -       -       132    '• 
i       -       -       -       -     6       -       -       -       165    •' 

■f  -  -  -  -  7  -  -  -  198  " 
I  -  -  -  -  S  -  -  -  2&1  •' 
j  -  -  -  -  9  -  -  -  264  *• 
tV      -       -       -  10       -       -       -       2f:    " 

Great  as  are  the  advantages  derived  from  air  chambers,  some  iittentton 
In  them  is  re<)uired  in  order  to  secure  at  ull  times  the  beiicKl  they  are 
•ic5lgn..'d  to  iinpurt.  When  nei;!ei-ted  (and  we  believe  few  jiart.s  of  an 
engine  exercise  the  attention  of  firenini  less)  thny  often  become  actually 
tuiurious,  for  when  no  advantage  is  deriAed  from  the  elasticity  of  the  con 
%n«l  air.  the  water  is  im|»edeJ  in  its  progress  by  passing  through  them. 
U|Kjn  the  Lrittl  of  engines  it  somelipies  occurs  that  the  water  is  thrown 
higher  at  their  first  working  tliun  after  tliey  have  been  a  few  minuteg 
in  use.  and  this  nolwilhstaiuling  all  the  efforts  of  the  firemen  to  make  the 
jet  rt?ach  the  first  elevation.  1  his  result  lias  sometimes  bet-n  atlriliuled  to 
frtligtie  in  the  men — to  obstacles  in  the  pipes — to  grit  or  sand  under  the  fx»A*- 
valves,  ice.  whereas  in  fact  it  was  often  due  to  the  air  vessel  alone  ;  i.  «.  iu~  ^ 
to  the  escape  of  air  from  iL  This  escajie  may  be  occnaioiied  by  mi- 
nute leaks  ill  iie  chamber,  but  when  no  such  imperfections  exist  t4ie  air 
frequently  ni<ikes  its  exit,  aiid  its  place  becomes  occupied  by  the  liipiid. 
Whenever  air   is   subjected  to  great  pressures  in  contact  willi  water,  it  it 

?uickly  absorlied  by  llie  Initer,  and  in  this  way  it  is  that  it  oiten  disappears 
•  ira  tlie  air  ch«ml«?rs  of  fire-engines,  and  also  from  those  of  pressure-en- 
gi.es,  Heron's  fountain,  water  rarns,  &c.  When  a  long  suction  hose  is 
attached  to  an  engine  and  the  latter  worked  at  a  moderate  velocity,  a 
sutJicietit  supply  of  air  to  replace  that  taken  up  by  the  water,  commonly 
enters,  unknown  to  the  firemen,  through  the  seams  and  joints  ;  but  when 
■)ne  engine  is  fed  by  another  pouring  water  into  its  cistern,  there  is  little 
chalice  fnrlJie  requisite  supply  of  air,  unless  a  minute  opening  were  left 
in  the  Citip  that  screws  over  the  orifice  of  the  suction  pipe,  at  one  end  of 
the  enirne. 

The  suction  cocks  of  some  engines  diminish  their  useful  effect  in  con 
sequence  of  the  holes  through  the  plugs  being  smBllcr  than  otlier  pas- 
sages for  the  water. 

The  great  desideratum  in  modem  fire-engines  is  an  improved  mode  of 
working  them.  At  page  72  we  remarked  that  experimental  researches 
hare  shown  the  useful  effect  of  a  man  working  a  pump,  in  the  ordinary 
way  with  a  lever,  to  be  fifty  pt'r  cent  less  than  when  he  turns  a  crunk; 
and  that  when  his  strength  is  applied  as  in  the  act  of  rowing,  the  effect  w 
nearly  one  hundred  and  fifty  per  cent  more  than  in  moving  a  pnmp  lever 
This  is  sufficient  to  induce  efforts  to  supersede  the  j„  sent  mode  o''  work- 
ing the  pumps  of  fire-engines,  and   particularly  s'-    yS  the  labo     [  so  s»- 
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prompt  and  excellent  Director-General  and  their  honours  the  Connollort 
II  has  been  deemed  advisalde  and  highly  necessary  to  look  into  ;iii»  met* 
ter,  and  ihcy  do  herehy  ordain,  ena;,  and  interdict,  tliat  froin  tins  tira« 
forth  no  wooden  or  pliitled  chimuics  6liall  tie  permitted,  .  .  .  Tliose  alreaily 
standing  shall  be  permitted  to  remain  during  the   good    pleasure  of  lii? 

Jire  wardens As  often  as  any  cliimnics  shall   be  discovered  to  I'S 

foul,  the  fire  wardens  aforesaid  shall  condemn  them  as  i»iil.  and  the  owwr" 
shaJl  immediately,  and  without  any  gninsayiiig,  pay  the  fine  of  ikria 
^lilders,  for  eac'h  chimney  tlms  condemned  ns  foul  ;  to  lie  appro^irialed  to 
the  maintenance  o?  Jirc  ladders,  hmihs,  and  btukvU  ;  which  shall  be  pro- 
vided and  procured  [from  Holland]  the  first  oppurlunily.  And  In  omte  tbe 
house  of  any  jierson  shall  be  burned,  or  be  on  lire,  eitlier  through  his  ov* 
negligence,  or  his  own  fire,  he  shall  be  niulcled  ia  the  penalty  of  Iwcntf-  < 
/ii>e  guilders,  to  be  ajipropriated  as  aforesaid.  Thus  done,  passed  and  puu- 
lished  at  Fort  Amsterdam,  this  23d  day  of  January,  1648." 

This  ordinance   docs   not  ap|>eHr  to   have  produced  the  desired  eflecv 
fince  n  siimliir  one  was  published  in  September  of  tlie  same  year.     In  Fe- 
bruary IC'iG  another  was  issued,  by  w  hich  tJie  fire  wardens  were  directed  \» 
establish  such  penalties  for  chimneys  or  houses  taken  fire  "as  ihall  befemn,^ 
imong  the  cujt'oms  of  nil  r  Fat  her  I  and."   At  the  close  of  the  following  yei^ 
the  use  of  stpiirts  or  eii<jines  does  not  appear  to  have  occurred  to  tlie  inha- 
bitants, a  circtimslancc  from  which  it  may  be  inferred  that  such  machine* 
were  at  that  time  little  used  in  Holland,  and  this  also  appears  from  an  at— 
lusion  to  die  [iractir.e  of  (pienchiii!;^  fires  there,  in   a  proclamation  prohibit- 
ing wooden  chimneys,  flag  roofs,  &c.     "  In  all  well   regulated    cities   antt_ 
corporations,  it  i.H  customary  that  fire  buckets,  ladders  and  hooks,  are  inr 
readiness  at  tlie  corners  of  the  .streets,  and  in  public  houses,  for  the  time  of 
need.     [Here  is  no  mention  of  engines,  although  the  instruments  used  ii 
Holland  are  obviouslv  alluded   to.]     The  Director-Gcnenil  and  die  cotis 
ciilors  do   ordain  atid    authorize  in   these   premises,  the  burgomasters  of 
tills  city,  either  personally  or  by  their  treasurer,  promptly  to  demand  for 
every  house,  whether  small  or  large,  one  bearer,  or  eight  guilders  in  sea- 
want,  according  to  the  established  price;  for  the  purpose  of  ordering  from 
iJie  revenue   ol   the  sara-.',  by  the  hrst  opportunity,  from  Fatherland,  tti» 
hundred  and  fiftij  leather  fire  biwkdi;  and  out  of  the  surplus,  to  h^ive  made 
toiaujire  laildcrs  B.nii  Jire  hooks  :  and  in  addition  to  this,  once  .-i  year, 
demand  for  every  chimney,  one  guilder  for  the  support  and  maintenance 
of  the  same.     Thus  done  in  the  session  of  the  director-general  and  coun- 
cillors, lield  in  the  fort  of  Amsterdam,  in  New  Netherlands,  this  loth  d»y 
of  December,  A.  D.  1657." 

After  New  Nellieriands  became  a  British  province,  similar  ordinance* 
continued  to  bo  enacted  till  the  year  1731,  when  two  of  Newsham's  en- 
gines wenj  ordered  from  London,  These  were  probably  the  firrt  fire-en- 
gines used  on  thi."  continent.  The  following  extracts  ar«  from  the  mi- 
nutes of  the  common  council. 

"  At  a  common  council  held  tlie  IGth  day  of  February  1676-7,  in  the 
28//t  ijeat  nf  Charles  1 1.  Ordered  that  all  and  every  person  and  person* 
that  have  iiny  of  the  city's  ladders,  buckets  or  hooks  in  tlicir  bands  or 
custody,  fortliwiih  bring  the  same  unto  the  mayor,  as  they  will  answer  tliu 
contrary  at  their  peril."  The  same  date  some  wells  were  ordered  to  lia 
made  "for  the  public  good  of  the  city,"  among  which  was  "one  over 
against  YouleiT  Johnson's  the  butcher ;  and  another  in  Broadway  againil 
Mt.  Vjindike's."  "  At  a  common  council  held  the  15th  day  of  March 
16S3,  in  the  3l3//»  rif  tlie  reign  of  Cliarles  II.  Orilered  iSwl  provision  be 
made  fur  hooks,  ladders  and  buckets,  to  be  kept  in  c<Nivciiient  pUcej 
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feet.  The  time  of  getting  the  au|>araius  into  play  from  the  moment 
^  ii'.ing  the  fuel,  was  eightet-i:  ra.,iijtes.  When  an  alarm  of  fire  \va« 
pven,  the  fuc!  was  kindled  and  bellows  attached  to  tlie  engine  were  work- 
ed b^  hand.  When  tho  Iiories  were  harnessed  to  drag  the  machine  to 
ihf  tire,  the  bellows  were  worked  by  the  motion  of  the  wheels.  (See 
'■(•tidon  Mechanics'  Magazine  tor  1S30,  and  in  volume  xviii,  for  1832, 
there  is  a  figure  and  description  of  one  made  by  Mr.  B.  for  the  Prussian 
government,  being  designed  to  protect  the  public  buildings  of  Berlin.) 

One  or  two  of  these  machines  on  an  improved  plan  by  Mr.  Ericsson, 
are  now  being  constructed  in  this  city. 

FiRE-ENciNBs  IN  AMERICA. — The  first  use  of  fire-engfiiies  is  an  impor- 
tant event  in  any  country,  and  may  be  considered  as  constin^iing  an  epoch 
'n  tlie  history  of  its  useful  mechiinism :  moreover,  wherever  they  are  wade, 
ihey  indicate  a  certain  degree  of  refinement  in  civilization  and  an  ad- 
vanced state  of  the  mechanic  arts.  To  their  introduction  into  this  conti- 
nent, future  historians  may,  and  probnl^ly  will,  have  recourse  for  data  res- 
f  ecting  the  state  of  society  in  the  early  days  of  the  republic,  and  the  still 
Barlier  times  during  which  the  country  was  subject  to  Europe ;  for  the 
circumstances  which  precede,  and  eventually  lead  to  tlie  adoption  of  fire- 
engines,  invariably  reflect  light  on  the  manners  and  customs,  the  police  and 
otlier  municipal  regulations  of  the  times,  as  well  as  on  many  of  the  arts, 
porticularly  those  connected  with  Iiailiiing.  The  following  extracts  from 
official  records  in  the  clerk's  office,  respecting  their  introdiiclion  into  the 
city  of  New-York,  will  We  found  to  illustrate  some  of  the  above  remarks. 
It  docs  not  appear  that  either  squirts  or  engines  were  used  during  the 
time  the  cily  remained  in  possession  of  its  founders  ;  viz  :  from  A.  D. 
1614  to  1664.  The  volume  of  Dutch  records  preserved  in  the  clerk's  of- 
fice, to  which  we  referred,  page  299,  contains  several  enactments  relating 
to  iires  and  fire  wardens,  but  no  mention  is  made  of  instruments  for  extin- 
guishing fires  until  1648,  when  ladders,  hooks  and  buckets  were  ordered 
from  Holland.  As  these  records  have  never  been  printed,  a  few  extract* 
from  the  "Ordinances  of  the  Director-General  and  the  Council  of  the  New 
Netlierlands,"  will  Ije  acceptable  to  most  readers.  The  first  one  is  dated 
May  29,  l<i47  :  it  cannot,  perhaps,  be  strictly  considered  as  related  to  out 
subject,  although  it  was  designed  to  remove  a  fruitful  source  of  fires,  viz  : 
inrbricty.  On  the  above  date  the  Di^ec^pr-Gencral,  Pclrus  Stvyi-rsant, 
issued  a  proclamation,  addressed  to  certain  of  the  inhabitants  "  who  are  in 
the  habit  of  getting  drunk,  of  quarrelling,  fighting,  and  of  smiting  each 
otlier  on  the  Lord's  day  of  rest,  of  which  on  the  last  Sunday,  we  our- 
selves witnessed  the  painful  scenes."  It  appears  from  this  and  other 
edicts  to  the  same  effect,  that  the  governor  had  considerable  difficulty  in 
kcejiing  a  portion  of  his  people  sober;  and  from  followinga  practice  which 
he  denounces  as  the  "  dangerous,  injurious,  and  damnable  selling,  giving 
out,  and  dealing  out,  wines,  beers,  and  ardent  spirits  to  the  rndians  or  na- 
tives of  this  land." 

Another  procjamatifm  is  more  to  our  purpose.  "  Wherran  it  has  come 
to  the  knowledge  of  his  excellency,  the  Director-General  of  New  Ne- 
therlands, Curacoa,  ii,c.  and  of  the  Islands  of  the  same,  and  their  Excellen- 
cies the  Councillors,  that  certain  careless  persons  are  in  the  habit  of  ney- 
lectiiig  to  clean  their  chimnies  by  swecjpinji,  and  paying  no  attention  to  their 
fires  ;  whereby  lately  fires  have  occurred  in  two  houses;  and  whereas  the 
dangiT  of  fire  is  greater  as  the  number  of  houses  inereiusrs  here  in  New- 
Amsterdam;  and  whereas  the  greater  nuinljcr  of  them  arc  liu'ili  of  wood 
are  covered  with  reeds,  together  with  the  fact  that  some  of  the  houses 
k'p  wooden  chimnies,  which  are   very  dangerous:     Therefore   by  th< 
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for  on  (he  Ziih  of  January  1735,  the  mayor  was  ordered  "  to  issue  his  «  ar 
rant  ti)  tlie  treasuror  to  pny  Mr.  Anthony  Lumb,  overseer  of  the  firc-cir 
or  orilcr,  the  sum  of  three  pounds,  current  money  of  this  colony.  . 
of  one  quarter  of  a  year's  salary,  due  and  ending  the  rirst  instant."     Oi- 
the   same  dute  a  committee  was  u|i|>uintcd   to  emp'.'jy  workmen  "to  pi»» 
them   in   good  repair,  and   that   they  have  full  power  to  agree  willi  an^ 
person  or  persuns  l>y  the  year,  to  keep  the   same  in  such  gi>o<l  plight,  tv^ 
pair  and  condition,  and  to  play  the  same  u  often  as  there  sh&il  be  occiuiura 
upon  any  emergency." 

April  15,  173G.  "  A  convenient  house  [was  ordered]  to  be  mwle  conti- 
guous to  ttie  watch-house  in  the  Broad  street  for  securing  and  well  keeping 
the  fire-engines  of  the  city."     This  seems  to  have  been  the  first  engine 
house.     May  1,  I73G.    Jacobus  Turk,  a  gunsmitli,  was  a]>pointed  to  tak^ 
charge  of  the  lire-engines  and  to  keep  them  in  repair  at  his  own  cost,  for" 
a  salary  of  ten  pounds  current  money.     Mr.  Turk  undertook  during  ibi^:- 
next  year  to  make  an  engine,  for  May  15,  1737,  the  common  council  or- 
dered tlie  sum  often  pounds  to  be  advanced  "  to  the  said  Jacobus  Turk^ 
to  enable  him  to  go  on  with  finishing  a  small  fire-engine  he  is  making  foK~ 
an  experiment :''   probably  the  first  made  in  America. 

November  4,  1737.  The  common  council  drew  up  a  petition  to  the  Ic — 
gislature  to  enable  the  corporation  "  to  appoint  four-and-twenly  able  bo 
died  men,  inhabitants  within  this  city,  who  shall  be  called  \.\\e Jiremen  of  thi^ 
city,  to  work  and  play  the  fire-engines  within  the  same,  upon  all  occasions 
and  emergencies,  wtien  they  shall  be  tlicreunlo  required  by  the  overseer" 
of  the  said  engines,  or  the  magistrates  of  the  said  city  :  and  that  the  saiifl. 
firemen  as  a  recompense  and  reward  for  that  service,  may  by  the  sam^ 
law  bo  excused  and  exempted  from  lieing  elected  and  serving  in  the  ol'ic^ 
of  a  constable,  or  being  enlisted,  or  doing  any  duty  in  the  militia  regiment^ 
troop,  or  companies,  in  the  said  city,  or  doing  any  duly  in  any  of  the  saiA 
olfices  during  their  continuance  as  firemen  aforesaid."  This  law  wa^ 
passed  by  the  assemWy  in  September  following,  and  the  duty  of  firemen  de^ 
fined.  The  next  notice  of  engines  occurs  ten  years  afterwards,  in  Marclm. 
174S,  when  the  corporation  "  ordered  that  one  of  the  fire-engines  of  thi^ 
city,  of  the  src(/ml  size,  be  removed  to  Montgomery's  Ward  of  this  city^ 
near  Mr.  IlarJenbrooks;  and  that  a  shed  be  built  thereabouts  at  the  chare^^ 
of  this  corpucation  for  the  securing  and  keeping  the  same."  By  this  il^=^ 
appears  that  several  engines   besides  the  two  original  ones  were  then  xr^m 

use.     The  one  just  named  was  a  diflrereiit  size  (much  smaller)  than  thost -J 

first  ordered.  It  is  uncertair  ^/hether  the  additional  ones  were  made  b^^* 
Mr.  Turk,  :iut  probably  not,  since  both  large  and  small  ones  were  orderei^rf 

from  r^ontion  for  several  years  after  this  date.     From  the  following  ex 

tract  we  find  that  several  of  the  large  fire-engines  (the  sixth  size  of  New 

sham)  belonged  to  the  city.  February  28,  1749,  "Ordered  that  Majon^" 
Vanhousand  and  Mr.  Provost  do  Uike  care  to  get  a  sufficient  house  buil^M 
for  one  tif  Uie  large  Jire-engina,  to  be  kept  in  some  part  of  Hanover  square^S 
at  the  expense  of  this  corporation,  and  that  there  be  a  convenience  madi^Si 

therein  for  hanging  fifty  buckets:  and  also  ordered  that  there  be  one  hun^ 

dred  new  fire  buckets  made  for  the  use  of  this  corporation  witli  all  con 

venieiit  speed."  ■ 

May  8,  1752.  "  Ordered  that  Jacob  Turk  have  liberty  to  purchase  «t:K 
Biimll  /peaking  IrumpeU  for  the  use  of  this  corporation,"  t.  e.  for  the  pur^ 
pose  of  giving  directions  to  firemen  during  conflagrations.  June  20,  1758_ 
"  One  large  fire-engine,  one  small  do.  and  two  hand  do."  were  ordereiS 
to  be  procured  from  London.  Ju/y  24,  1761.  Mr.  Turk,  after  superin- 
tending the  engines  for  twenty-five  years,  was  superseded  by  Jacobua 
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^Bloiil«Gbv3rrii.  who  wts  directed  to  take  charge  of  them  at  a  salary  Oi 
^ftirt^  ptiunus  ;  and  "  the  late  overseer,  Mr.  Jacobus  Turk,  [was  ordered 
'oj  dclivei  up  to  t}ie  said  Jacol)iis  Sloutenliurgh,  the  said  several  firc-cn- 
giiics."     Nuttmlxr  19,  1762.    The  firemen  were  directed  to  wear  Iralher 
cajia  when  on  duly.     Mai/  7,  1772.  An  engine  was  ordered   to   be   pro- 
•'idod  for  the  Out  ward.     Juli/  10,  1772.  "Alderman  Gaulier  luid  before 
tJtii  lioard  an  account  of  the  cost  of  two  fire-engines  belonging  to  I'lionia* 
Tiliier:  and  Alderman  Gautier  is  reuuested  to  purchase  the  same."  Sep- 
tembrr  9.  1772.  h  committee  wa.s  aulliorizcd  "to  purchase  one  other  fire- 
engine  of  David  Hunt."     The  three  engines  lasi  named  \*ere  probably 
from  England,  for  at  the  time  these  machines  were  in  the  list  of  ordiuury 
ifflpcrtcd  manufactures. 

It  is  not  impossible  that  some  engines  were  made  in  Massachusetts  about 
the  lime  of  the  Revolutionary  war.  In  October  1767,  the  people  of  Bos- 
ton, irritated  by  the  exactions  and  disgusted  with  the  jiarnsites  of  mo- 
narchy, determined  in  a  town  meeting  to  cease  importing  from  the  olst  ol 
December  following,  numerous  articles  of  British  miinufiicture,  among 
which  were  euumerated  anchors,  nails,  pewter-ware,  clotJiing,  hats,  car- 
riages, cordage,  furniture,  anil.  Ji-^e-eiigitiet.  And  in  March  17C5,  the  As- 
semblv  resolved,  "  that  this  house  will,  by  all  prudent  means,  endeavour 
to  discountenance  the  use  of  foreign  superfluities,  and  to  encourage  the 
manufactures  of  this  province  ;"  hence  it  is  reasonable  to  suppose  that  en- 
gines either  had  been,  or  then  could  be  made  in. the  province  ;  otherwise 
It  is  not  likely  that  their  imporlorion  would  have  been  denounced.  As 
(m  articis  of  trade  they  were,  from  the  limited  number  required,  insignifi- 
cuit — they  had  no  connectitm  with  luxury  ;  and  so  far  from  being  "  su- 
perfluities," they  were  necessary  to  protect  the  pro|K-rty  oi'  the  ]>eople 
from  destruction — they  would  therefore  l>e  among  the  lu»<t  things  thai  • 
people  would  cease  to  import  while  unable  to  make  them.  .  ' 

It  was  not  till  several  years  after  the  close  of  the  strugg'e  for  in(iepen- 
denrc  that  fire-engines  were  made  in  this  and  some  other  cities.  1  hey 
have,  however,  long  been  made  here  and  in  Philadi'|iliia,  Boston,  &c. 
Small  engines  were  formerly  used,  but  they  have  grddk<4.'ly  disappeared, 
the  manufacturers  confining  themselves  jirjncipally  to  the  lurgest.  The  uw 
of  buckets  has  also  b«^en  discontinued  on  account  of  the  extensive  applica- 
tion of  hose.  Village  engines  are  sometimes  constructed  with  single  cy- 
linders and  double  acting,  but  being  more  liable  to  derangement,  they  ace 
not  extensively  used.  Rotary  eniiines  are  also  made  in  some  parts  of 
Now-Englund,  on  the  principle  of  Bramali  and  Dickenson's  pumps,  (No. 
136.)  As  ordinary  fire-engines  are  merely  forcing  pumps,  airaiiged  in 
carriages  and  furnished  wilh  flexible  pijies  ;  it  is  not  to  be  supposed  that 
any  radical  improvement  upon  them  can  be  effected.  The  pump  itself 
is,  jjorhaps,  not  capable  of  any  material  change  for  the  better;  am]  it  is  at 
present  essentially  the  same  as  when  used  by  Ctesibius  and  Heron  in 
Egypt,  twenty  centuries  ago:  hence  fire-engines,  since  hose  j)ij>es  and  oir 
chuml>ers  were  introduced,  have  diffi-red  from  each  ntliur  chiefly  in  the 
carriages  and  in  the  arrangement  and  dimensions  of  the  puinjis — as  the 
position  of  llie  cylinders,  modes  of  working  the  pistons,  bore  and  direction 
of  the  passages  for  the  water,  Arc.  In  these  respects  there  is  not  much 
difference  between  Euroj>ean  and  Atneriran  engines;  nor  in  the  varielies 
of  the  latter.  Those  maile  in  Pliihidelphia  rather  resemble  French  and 
German  engines,  in  working  llie  [iiiinps  nl  the  ends  of  the  carriages,  and 
witlii>ut  the  sectors  and  chains  ;  while  New- York  engines  ore  prcciselv 
the  same  as  Newshapi's,  both  in  the  arrangement  of  the  [mnips  and  mode 
of  working  them,  with   the  exception   of  treddles,  which  are   not  used. 
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No,  153  repi-escnts  an  external  view  of  a  PLiliiJeiphia  ca^oj;  IM 
piltn|is  iiiid  air  vcssii'l  iire  luraiigt-d  as  in  No.  loO,  but  the  p.ston  rciJ*  »rt 
connocted  directly  to  rho  i»ent  lover,  which  is  moved  by  a  tloulic  set  of 
handleii  i>r  slaves.  A  number  o."  ncj  stand  upon  each  end  of  the  cistern  and 
Work  the  engine  liy  the  staves  nearest  to  tlieni,  wliile  others  on  the  gnmnJ 
apjily  tkeir  strength  to  the  staves  at  the  extremities  of  the  lever.  The 
smves  turn  upon  studs  at  ihc  centre  of  the  cross  bars,  and  .vhen  put  in 
np-^ralion,  fail  into  clasps  that  retain  them  in  their  places.  Provt«ii>n 
is  m.ule  to  convey  the  stream  either  from  tlie  lower  or  from  the  up|H,^ 
pint  of  the  air  chamber.  Hose  companies  supply  the  engines  with  watj;*"- 
The  fiivineu,  as  in  all  American  cities,  are  volunteers,  and  generally  cor» — 
sist  of  young  tradesmen  and  aierchuils'  cierks,  &c.  They  are  e.terap** 
from  militia  and  jury  duty.  Each  member  J>ays  a  certain  sum  on  hi-^ 
ad'missi<jn,  and  a  stnull  annual  subscription.  A  fine  is  also  imjioscd. upo  ^i^ 
any  one  appi-ariiig  on  duty  without  hij  appro])riale  dress  (see  •'igure  iu  di  -^^J 
cut)  as  well  lor  being  absent.  A  gonemua  spirit  of  rivalry  exists  amon 
the  di  lie  rent  compiiiiies,  which  induces  tliem  to  ke«p  their  engines  in 
hi^^h  stale  of  working  order. 


j\ii.  iXi,    Cxloriial  Viow  u(*  rilU«Ucl|ihia  Firo-eiffltHS. 

No.  154  exhibits  a  New-York  engine.     T\n!  pump  cylinders  are  u— 
rangeil  and  worked   |>rocisely  aa  show  n   in    the  section  No.  150.     They 
are  si«  and  a   half  inches  diameter,  and   the  piMotis  have  n  stroke  of  iiini* 
inches.      Previous   to   the  formation   of  hose  compiuiies,  each  engine  vra» 
pn)vided  with  a  reel  of  hose;  this,  when   nut   in  use,  was  covered  by  it 
case  of  varnished   clolh  or  leather.      Most  of  the  engines  still  have  reels, 
which  are  carried  as  sh<iwn  in  the  cut.    The  stream  of  water  is  invariably 
taken  I'niin  the  top  of  the  air  chambers,  which  rcseniWe  the  one  at  No.  150 
This  [iraclice  is  bail,  because   in  most  cases  that  part  of  the  hose  belwren 
the  (joose-neck  and  the  fire  descends  lo  tlie  g^round,  and  hence   the  water 
in  the  pipe  is  unnecessarily  diverted  from  its  course  and  a  corresponding 
dimiiniiion  of  effect  is  the  result.    In  all  cases  the  hose  had  better  Iw  con- 
nected to  the  bottom  of  the  air  chamber,  or  to  its  side  near  the  boftotn, 
■a  iu  Nos.  IIS,  15^   153.     Very  long  chambers  (as  the  one  in  No   lt>0] 
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,  tl.«  usQC  of  !he  li'-^ui:?  more  than  others  which  discharge  it  fron; 
I  ttf,  K'cnns^   the  <cri>i^»-  has  lo  di-sccrid   in  tliem   nearly  perpcfidicu 
'to  tnlcr  the   ••rifice  of  the  pipe,  iind  lis   direction  i.»  then  precisely 
1,  Cot  it  has  to  nii  perpendicularly  in  order  to  escape. 
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rxtcrior  decoration  Anierican  engines  are  probably  unrivaled  :  the 

ncn  tnke  pride  in  ornnmciiting  their   respective   macliines,  and  hence 

of  them  are  finished  in  the  most  superb  und  expensive  manner.  The 

Die  ofllie  iron  work,  except  the  tire  oC  the  wheels,  is  frequently  plated 

b  silver;  every  part  formed  of  brass  is  brought  to  the  highest  polish  ; 

while  aJl  the  wood  work,  including  the  wlieels,  is  elegantly  painted 

gilded,  the  backs,  fronts,  and   panels   of  the   case   that  encloses  the 

Cuamber  and   pumps,  arc  enriched  with   historical   and  emblematical 

ptlngs  aivJ  cafvcd  work,  by  the  first  artists. 

new  orgnmcolion  of  the  fire  department  of  New-York  has  long  been 
9titcmplation,  and  the  projee.t  oi   a  law  to  that  effect,  is  at   this   time 
Icr  the  consideration  oi  tlie  legislature  of  die  slate,  and  of  tlie  corpo- 
V>n  uf  the  city. 

The  most  valuable  contribution  of  Americai:  mechanicians  to  the  means 
txliiij^iisiiing  fires  is  the  rirftrtl  hose,  inven'ed  t)y  Sellers  and  PennocK ' 
i  I'hiUdelphia.  It  is  too  well  known  both  here  and  in  Europe  to  re- 
ire  particular  description.  No  mixlcm  apparatus  is  complete  without  it. 
The  Mechanics'  Institute  'f  Kew-Vork  onorcd  a  gold  medal  (in  January 
1540)  for  the  best  plan  of  a  Sleam  Hre-cnginc.  The  publication  of  the 
r  .tice  was  very  limited,  and  but  two  or  three  plans  were  sent  in.  Of 
tbese,  one  by  Mr.  Er.csson.a  European  engi  leer  now  in  this  country,  re 
eeived  the  prize.  No.  1.0.5  represents  a  view  of  the  engine.  No.  156  a 
nti'.udinal  section  of  the  boiler,  steam  cngins,  pump,  air  vessel  and  blow- 
;  apparatus.  No.  1.57,  plan.  No.  15S,  a  transverse  section  of  the  boiler 
r'n  ihe  furnace  and  steam  chamber.  No.  159,  the  lever  or  handle 
rorking  the  blowing  apparatus  by  hand.  The  following  is  the  inven- 
:  H»»*rrij>ti<in,  in  which  the  same  letters  of  reference  denote  the  same 
l«ni  ID  all  the  figures. 
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"  E,  a  cylindrical  box  altuclictl  to  ihe  lop  of  the  Btcarn  diamlwr,  conliii 
iiig  a.    couital   steam  vulvc  e,   and  aUo  safety  valve  c'.    e"  strew  witl 
ha>..ile  connected  to  the  steam  vulve,  for  admitting  or  sliutttng  ofTthe  sleaw 
«'"  induction  pipe,  I'or  conveying  the  steam  to 

F,  the  steam  cylinder,  provided  with  steam  passages  and  slide  valve  a! 
the  usual  construction,  and  secured  tn  die  carriao;e  frame  in  the  same  tMt 
ner  as  the  force  pump.  _/"  Eduction  pipe,  for  carrying  off  the  steam  inlotka 
atmosphere.  _f  Piston,  provided  with  metallic  packing,  on  Barton'i 
plan.  /",  Piston  rod  of  steel,  attached  to  the  piston  rod  of  the  foroe 
pump  by  means  of 

G.  a  crosiheud  of  wrought  iron,  into  which  both  piston  rods  are  inserted 
and  secured  by  keys,  g.  Tappet  rod  attached  to  the  crosshead,  for  mn» 
ing  the  slide  valve  of  the  steam  cyliiidrr  by  means  of  nuts  ^,  g*,  whi(^ 
may  be  placed  at  any  posiiir.t;  on  the  (uppet  rod. 

II.  .Spindle  of  wroui^ht  l-ni,  working  in  two  bearings  attached  to  tilt 
cover  of  the  steam  cylinder,  the  one  end  thereof  having  fixed  to  it,  A 
t  lever,  moved  or  struck  ultimately  by  the  nuts  ^',  ^.  A'  a  lever,  fixed  to 
thu  midilKi  purl  of  the  spindle  H,  for  moving  the  steam  valve  rod. 

I.  Force  pump  for  supplying  the  boiler,  constriicted  witli  spimlle 
valves  on  the  ord.nary  plan  ;  the  suction  pipe  thereof  to  communicBte 
with  the  valve  chamber  of  the  water  cylinder,  and  the  delivering  jiipe  to 
be  connc^clcd  to  the  horizontal  part  of  the  boiler,  i.  Plunger  of  Torre  pump, 
to  be  made  of  gun  metal  or  to[',per,  and  attached  to  the  crossheml  G. 

J.  Hlowing  ai)panitus,  conmsUng  of  a  s<]uare  wooden  box,  with  p»D- 
eled  sides,  in  winch  u  made  to  work  a  scjuare  piston  _;,  made  of  wood, 
joined  to  the  sides  of  said  box  by  leather,  f,  Circular  holes  or  openings 
through  the  sides,  for  admitting  atmospheric  air  into  the  box  ;  these  'aolei 
being  covered  on  the  insiile  by  pieces  of  leather  or  India  rubber  clodi  lo 
act  as  valves,  j",  are  similar  holes  through  the  top  of  t)ie  box,  for  pasapg 
olf  the  air  at  each  stroke  of  the  [liston,  into 

K.  Receiver  or  roj^ulator,  which  has  a  movable  top  k,  made  of  woou, 
joiiiett  by  leather  to  the  upper  part  of  the  box  ;  a  thlti  sheet  of  lead  to  b« 
attached  thereto,  for  kcivjitig  up  a  certain  compression  of  air  in  tlie  regit 
lator.  /■',  Box  or  nassBge  made  of  sheet  iron,  attached  to  the  blowing 
apparatus,  and  havuig  an  open  communication  with  the  regulator  at  i": 
to  this  passage  is  connected  a  conjucting  pipe,  as  marked  by  duttej  lines 
in  No.  156,  for  conveying  the  air  from  the  receiver  into  the  ash  pan,  under 
the  funiiice  of  the  boiler  at  k'"  ;  this  >nducting  pipe  passes  along  the  in- 
siile iif  the  carriage  frame  on  either  sute. 

L,  L.  Two  parallel  Inm  rods,  Ut'  "vhich  the  piston  of  the  blowing  ap- 
piLi-ulus  is  attached  :  these  rods  work  through  guide  brasses  /,  /,  and  theT 
may  be  attached  to  the  crosshi'ad  G,  by  keys  at  /',  I'.  The  holes  nt  thV 
ends  of  the  crosshead  for  admitting  these  rods  are  sufJiciently  largv  to  ai 
low  a  f.ee  movement  whenever  it  is  desirable  to  work  the  blowing  appft 
ratus  iiH!e|iendenlly  of  the  engine. 

M.  Spindle  of  wrought  iron,  placed  transversely,  and  working  in  twr 
bearings  fixed  under  the  carriage  frame :  to  this  son. die  are  fixed  two 
crank  levers  m,  m,  which  by  means  of  two  connecting  rods  tn'  m',  givo 
motion  to  the  piston  rods  L,  L,  by  inserting  the  hocks  m",  tn",  into  the 
eyci  at  the  ends  of  the  said  piston  rcvls. 

N.     Cnmk  lever,  fi.<cpd  at  the  end  of  spindle  M,  which  by  means  of 

O.      Crank  pin,  fixed  in  the  carriage  wheel,  and  also 

P.  Connecting  rod,  will  noiiimunicate  motion  to  the  blowing  apptr*- 
lus,  whenever  ihe  carnage  is  in  motion,  aiid  (he  above  paru  duly  OMl 
reeled.  "^ 
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"A  pin  n  Is  fired  in  lever  N,  pluccd  at  such  distance  from  tl'e  cenire  of 
•r-ititiic  M.  that  it  will  fit  the  hole  n'  of  tjio  lever  shown  in  No.  l59,  whilst 
M  '  receives  the  end  of  the  spindle  M.  Whcnrver  the  blowing  ajiparatus 
ia  to  lie  vrorki'd  hy  tlie  engine  or  liy  manual  force,  the  connecting  rod  P 
thould  1>c  detuched  by  means  of  the  lock  at  /'.  The  ciirriuge  frame  should 
be  made  of  oak,  and  plated  with  iron  all  (jver  the  outside  and  top  ;  the 
lop  plate  to  have  small  recesses,  to  meet  the  brackets  of  the  cylinders,  at 
•hown  in  tl>e  drawing.  The  lock  of  the  carriage,  axles,  and  springs  to  be 
made  us  usual,  only  differing  by  having  the  large  springs  suspended  Mow 
the  uxle.  The  carnage  wheels  to  he  constructed  on  the  suspension  prin- 
ciple ;   spokes  and  rim  to  lie  ma<ic  of  wrought  iron,  ami  very  light. 

The  pnncipsti  object  of  a  steam  fire-engine  being  that  of  not  depending^ 
on  the  power  or  diligence  of  a  large  number  of  men,  one  or  two  horses 
should  always  be  kept  in  nn  adjoining  stable  for  its  transportaiiun.  The 
firegrate  i»nd  flues  should  be  kept  very  clean,  with  dry  shaving^s,  wood  and 
Goke,  carefully  laid  in  the  furnace  ready  for  ignition  ;  and  a  torch  should 
always  be  at  han.l  to  ignite  the  fuel  at  a  moment's  notice.  To  this  fin; 
engine  entablishnient  the  word  of  fire  should  be  given,  without  interni-, 
Jittte  orilers:  the  horses  being  put  to,  the  rod  attached  connecting  the  car- 
riage wheel  to  the  bellows.  »iid  the  fuel  ignited,  the  engine  may  on  all  oi^ 
dituuy  occasions  be  at  its  destination,  and  in  full  operation  in  ten  minutes." 

Attempts  to  supersede  fire-engines  were  formerly  common.  Zachary 
Greyl  is  said  to  be  the  first  who,  in  modern  times,  devised  a  substitute. 
This  consisted  of  a  clouc  wooden  vessel  or  barrel,  containing  a  considera- 
ble quantity  of  water,  and  in  the  cenire  a  small  iron  or  tin  case  full  of  gun- 
iwwder:  from  this  case  a  tube  was  continued  through  the  side  or  head  of 
llic  bitrrvl,  and  was  filled  with  a  composition  that  readily  ignited.'  W'heu 
i  room  was  on  fire,  one  of  these  machines  was  thrown  or  conveyed  inti" 
^^And  the  powder  exploding  dispersed  the  water  in  the  outer  case  in 
^Hjry  direction,  and  instantly  extinguished  the  flames  although  raging 
^Hm  violence  a  moment  Ijefore.  In  1723,  Godfrey,  an  English  chemist, 
copied  this  device,  ard  impregnated  the  water  with  an  "  antiphlogistic" 
substance.  He  named  his  machines  "water  bombs."  In  llic  year  1734, 
the  States  of  Sweden  offered  a  premium  of  twenty  thousand  crowns  for  the 
best  invention  of  stopping  the  progress  of  fires;  upon  whiih  M.  Fuclies,  a 
German  chemist,  introduced  an  apparatus  of  the  same  kind.  Similar  de- 
vices have  been  brought  forward  in  more  recent  days  ;  but  after  making 
a  noise  for  n  time,  they  have  passed  into  oblivion.  (See  London  Maga- 
xinc  for  1760  and  1761.) 

Among  the  devices  of  modem  times  for  securing  buildings  from  fire,  may 
be  mentioned  the  plan  of  Dr.  Hales,  of  covering  the  floors  with  a  layer 
'earth  ;  and  that  adopted  by  Hurley  in  1775,  of  nailing  over  joista,  floors, 
iirs,  partitions,  &c.  sheet  iron  or  tin  plate.  To  increase  tiie  effect  of 
■engines,  the  author  of  this  work  devised  in  1817,  and  put  in  practice 
?ater80D,  New  Jersey,  in  1820,  the  plan  of  fixing  perforated  copper 
B8  over  or  along  the  ceilings  of  esch  floor  of  a  factory  or  otlicr  build 
ings,  and  connecting  them  with  others  on  the  outside,  or  at  a  short  dia 
tance  from  the  walls,  so  that  the  hose  of  a  fire-engine  could  be  rea 
dilv  united  by  screws;  but  the  plan  had  been  previously  developed  by  Sit 
^|L  Congreve.  It  has  recently  been  brought  before  the  public  as  a  new 
^Bention. 

^HDf  the  numerous  Fire  Efcapes  thnt  have  been  brought  forward  in  modern 
^|es,  the  greater  part  arc  such  as  were  employed  by  the  ancients  to  scale 
'  %tui»  and  to  enter  fortresses,  &c.  in  limes  of  w&r.     It     <  indeed  obvious 
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:!;at  the  same  devices  liy  which  persons  entered  buildings,  would  aljo  u^ 
swer  lln;  purpose  of  escaping  from  ihem  :  and  as  the  utmost  ingenuity  41 
the  ancients  was  exercised  in  devising  means  to  accomplish  the  one,  it«i| 
exceedingly  natural  tliat  modern  inventors  should  hit  upon  similar 
vences  to  ofTcct  the  other.  In  the  cuts  to  die  old  German  transia 
V''egetius,  to  which  we  have  so  often  referred,  there  are  ladders  of 
and  leather,  in  great  variety,  with  hooks  at  the  ends  which  when 
by  hand  or  an  engine,  were  designed  to  catch  hold  of  the  comers  iind 
of  the  Willis  or  wmdows — folding  ladders  of  wood  and  metal,  somu 
sisting  of  numerous  pieces  screwed  into  each  other  by  the  person 
ing,  till  ho  reached  the  required  elevation  ;  others  with  rollers  at 
upper  ends  to  facilitate  their  elevation  by  rearing  them  against  the 
at'  the  Walls — baskets  or  chests  containing  several  jiersons  raised  pei 
dicuiarly  on  a  movable  frame  by  means  of  a  screw  below,  that  piiMid 
out  several  hollow  frames  or  tubes  contained  within  each  other,  like  thoM 
of  a  telescope,  whose  united  length  reached  to  the  top  of  the  place  » 
tacked — sometimes  the  men  wer*  elevated  in  a  basket  su$[>oud«i  n 
the  long  end  of  a  lever  or  swape.  Severnl  combinations  of  tlio  lazvtonn, 
rr  jointed  parallel  bars  are  also  figured — one  of  these  moved  on  s  cv 
riage  raised  a  large  box  containing  soldiers,  and  is  identical  with  a  Sit 
escape  described  in  volume  xxxi  of  the  Transactions  of  the  Londoo  S» 
cii'ty  of  Arts. 

Anciently  tlie  authors  of  accidental  fires  were  punished   in  pro[>ortioii 
to  the  degree  of  negligence  that  occasioned  them  ;  and  they  were  com- 
pelli'd    to   repair  to  the  extent  of  their  means,  the  damage  done  to  ilieir 
neighbors.     A  law   of  this  kind   was  instituted   by  Moses,   probiibW  in 
imitation  of  a  similar  or.e  in  force  among  the  Egyptians.     Other  preyer- 
tive  ine^ures  consisted  in  the  establishment  of  watchmen,  whose  dutyil 
was  to  arrest  thieves"  and   incendiaries,  and  to  give  alarm  in  case  of  fire. 
From  the  earliest  days,  those  who  desigiiediv  fired  buildings  were  put  to 
death.     A  very  ancient  custom  which  related  to  the  prevention  of  fiiw, 
Id  still   partially  kejit  up  in  Europe,  although  the  design  of  its  institaiion 
is  almost  forgotten,  viz  :  the  ringing  of  town  bells  about  eight  o'clock  in 
the  evening,  as  a  signal  for  the  inhabitants  to  put  out   their  lights,  rakf 
together  tlie  fire  on  their  hearths,  and  cover  it  with  an  instrument  named 
a  curjeio ;  a  corruption  of  courrejcu,  and  hence  the  evening  poal  beciinM 
known  as  "the  curfew  bell."  It  has  been  supposed  that  the  custom  origi- 
nated with  William  the  Conqueror,  but  it  prevailed  over  Europe  long  be- 
fore his  time,  and  was  a  very  beneficial  one,  not  only  in  constantly  remind- 
ing the  people  to  guard  against  fire,  but  indicating  to  them  tlie  usual  daw 
of  retiring  to  rest ;  for  neither  clocks  nor  watches  were  then  known,  uid 
in  ihe  absence  of  the  sun  lliey  had  no  device  for  measuring  time.  Alfred 
the  Great,  who  measured    time   by  candles,"  ordered    the  inhabitants  ci 
Oxi'ivd  to  rarer  thci.-  fi-es  on  the  nngiiig  of  the  bell  at  carfax  every  nifht 
'I'he  Instnjiiient  was  made   of  iroii  or  cooper.     Its  general  form  may  Se 
undersTocid  by  supposing  a  common   cauldron   turned   upside   down  tud 
uiviiJed  Tjrneiiuicularly  through  the  centre;  one  half  being  furnished  »ilb 
a  f.aiidie  riveted  to  it  would  be  a  couvre  feu.     When  used  it  was  p!a<y>d 
over  the  ashes  with  the  open   side  close  to  the  b.ick  of  the  hearth.    (See 
I>ict.  Trevoux:   Ilnne's  Every  Day  Book,  vol.  i.  243,  and  Shakespeare's 
Rnriiun  and  .luliot,  Act  iv,  scene  4.) 

In  tlie   thirteenth  year  of  Edward  I.  (.A..  D.  12S5,)  an  act  was  paMfd 

*  la  Shnkp-|ii'iire'a  piav  of  Rirli^ird  l|[.  net  v.  Kane  3,  lliere  U  a  refcrpiice  under  in 
mime  of^  tvntrh  to  thei^c  cnndlc:^.  Tney  were  iiiurked  in  nectious,  eucli  ul'wlnch  iviuA&:f 
Ilia  time  in  uiiriiitig,  anil  tbiu  meaiured  llie  hours  during  tlie  aighl  or  cloinly  wreiulMr 
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agauisi  incendiaries,  and  night  watchmen  were  ordered  to  be  appointed 
Ui  every  town  and  city,  in  1429  anotlier  act  declared,  "  If  any  tnreatcc 
by  casting  bills  to  burn  a  house, »/"  money  he  not  laid  in  a  certain  place, 
tnd  after  do  buru  the  house,  such  burning  shall  be  adjudged  high  trca- 
lon."  Beckman  says  that  regulations  respecting  fires  were  instituted  in 
Frankfort  in  1460.  In  146S  straw  thatch  was  forbidden,  and  in  1474 
(iiin^lc  roofs  were  prnliiijitcd.  The  first  general  order  respecting  fires  in 
;ony  are  dated  1621,  those  fir  Dresden  in  1529,  and  there  is  one  rcs- 

ting  buildings  in  Augsburg,  dated  1447.  Tlie  fullowing  preamble  to  an 

act  passed  iti  lhc37lh  year  of  Henry  Vlll.  by  which  those  ibund  guilty  of 
the  crimes  enumerated,  were  to  sufl'er  "the  pkins  of  death,"  is  interesting  io 
'  e  res|ircts  than  one.  "  White  divers  and  sundry  malicious  and  envi- 
person*,  being  men  of  evil  pc^erse  dispositions,  and  seduced  by  the 
instigation  of  the  devil,  a.id  minding  the  hurt,  undoing  and  impoverish- 
tDcni  vf  divers  of  the  kings  tnic  and  faithful  subjects,  as  enemies  to  the 
commonwealth  of  this  realm,  and  as  no  true  and  obedient  subjects  untc 
the  kings  majesty,  of  their  maiicioui:  and  wicked  minds,  have  of  late  in 
Tented  and  practised  a  new  damnable  kind  of  vice,  displeasure  and 
damnilying  of  the  kings  true  su  jjects  and  the  commonwealth  of  this 
realm,  us  in  secret  burning  of  frames  of  timber,  prepared  and  made  by  the 
owners  thereof,  ready  to  be  set  up  and  edified  for  houses  :  cutting  out  of 
beads  and  dams  of  pools,  motes,  stews  and  several  waters  :  cutting  of 
conduitlicads,  or  conduit-pipes  :  hurr,;r.g  of  wains  and  carts  londen  vnth 
cools  or  other  goods  :  burning  of  heaps  of  wood,  cut,  felled  anil  prejiared 
for  making  coahi :  cutting  out  of  beasts  tongues  :  cutting  off  the  ears  of 
the  kings  subjects  :  barking  of  ajiple  trees,  pear  tn-es,  and  other  fruit 
trees;  and  divers  other  like  kinds  of  miserable  nlfences,  to  the  great  dis- 

tsure  of  Almighty  God  and  of  the  kings  majesty,"  ^^:c.  (Stuutes  ai 
he  crime  of  arson  was  rife  in  old  Rome,  and  it  is  singular  that  the 
'.e  of  punishing  those  found  guilty  of  it,  is  nmntiir  the  numerous  ancient 
oms  that  have  been  retained  by  Roman  Ciilholics  in  tiieir  religious 
inititulinns.  The  iMnirii  imihtla  of  the  Romans  w.is  a  garment  niatle  of 
paper,  flax,  or  tow,  and  smeared  with  j)itch,  bitumen  or  wax,  in  which 
incendiaries  were  burtit ;  and  hence  arose  the  |>eciiliiir  dress  worn  by  the 
■victims  in  those  horrible,  those  demoniacal  "  Acts  of  faidi  !"  the  Auto  da 
Fc,  oi  Italian,  Spanish,  and  Portuguese  inquisitions,  (to  which  the  scene* 
in  i^mithfield  and  otler  parts  of  Kngland  may  be  added,)  acts,  in  which 
the  order  of  justice  was  completely  reversed — the  sufferers  being  the  inno- 
cents, and  'be  court  andjuuges  the  rcul  criminals. 
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CHAPTER     II. 


Fkuicib  eMai.fus:  Of  limiifil  A|>))lic>iinD — Ar«  mo(*'ficfttioiif  of  Fainin;  «n<1  loving  bu<k«(i  ■) 
p«iai|ii>^Two  kitii  f  nfiirfaiiurr  riiflit(f»^PuU)n  prt-MUrR  cligilir  (Ji*><>r)li<!tJ  liy  rUtiJJ — Pr^Mur*  esfW 
frt»t«  Hfliilnr — Annlhcr  Ity  Wf«»lMrlli — Motive  prf;MUrQ  ciigtnf^k— Tlirtn  pxhiliit  :i  m>vel  miMl«  of  roti'lo;- 
hic  wmpr  NN  a  molivfl  nyrnt — Variety  or«ppllCklioni  of  a  lialoa  enij  Cflin'ler — Cnu»ei  of  iHe  siiorin 
bcine  ipttoraiil  of  the  •Ipaiti  riigiar — Sfwrel  of  nnkiaK  jtii;TroVfliiicnt4  (u  thfl  art* — Fulltnt,  Fli  \Vlniii»y 
■bil  Arkwriflu — Prraturo  eitgiitra  mi|:>t1  Hkvc  hern  anltripated.  and  vattntile  lf<»ioua  in  Bcirncc  tmifhf 
HitWcJ  rmm  a  disordered  puinfi — Arcllimrrlfj — HertinV  rotiiitain — Poiiahle  unM  nr**mmwtAri  ^ 
riowrrnitrdriiff  and  Drawinf-nHiinM,  in  hot  weatlier — Their  tnveutiou  f  avit  rlae  to  a  new  clnaa  of  fcydrt'i 
lie  niiriuBi — Preanur*  «ugine  ml  Cboinuit* — Another  modiAcation  of  lloron'a  luunuun — Spiral  pvaf 
•fWirts. 


Pllf'istiRE  F.NaiNES,  nameri  by  llie  ""rencli  Machiitrt  d  colonnc  d'txn, 
form  an  interesline  variety  of  liyilraulic  iicvires  belongine  to  l)ie  prenenl 
division  of  the  subject.  They  consist  of  working  cyliiulcrs  with  valvei 
and  pistons,  and  resemble  forcing  pumps  in  their  construction,  but  difier 
ftnm  them  in  their  operation  ;  the  [)istons  not  being  moved  by  any  extrr- 
nnl  force  applied  lo  them  through  cranks,  levers,  &c.  but  by  the  weight 
or  pressure  of  a  column  of  water  acting  directly  upon  or  against  them. 
Pri?ssure  ena^nrs  are  not  very  common,  because  they  are  only  appli- 
cable to  jiflrtionlnr  lorntinns — such  as  afford  a  suitable  supply  of  water  for 
the  motive  column  ;  but  wherever  '•efuse,  impure,  salt  or  other  water  can 
be  obtained  from  a  sufficient  elevation,  such  water  may  be  used  to  raise  t 
tjtinntity  of  fresh  liy  these  machines. 

In  some  forms  press\ire  engines  appear  rather  complicated,  but  when 
analyzed,  the  principle  of  their  action  and  mode  of  operation  will  be  found 
exiremrly  simple  : — If  two  buckets,  partly  filled  willi  water,  be  suspend 
cd  and  balanced  at  the  ends  of  a  sciile  bc\am.  and  a  stream  be  directed  into 
one  of  ih'rm,  that  one  will  preponderate,  and  consei|Uciitly  tlie  other  wilh 
its  contents  will  bo  raised,  antl  lo  a  height  equal  to  ihe  descent  of  the 
former;  but  when  it  is  required  to  raise  water  in  this  manner  to  an  eleva- 
tion that  exceeds  the  distance  through  which  the  descending  vessel  can 
fall  ;  then  the  capacity  of  the  latter  is  enlarged,  and  it  is  suspended  nearer 
to  the  fulcrum  or  centre  on  which  the  beam  turns,  as  in  the  gaining  and 
losing  bucket,  page  G6  : — It  is  virtually  the  same  principle  that  is  em-  ■ 
ployed  in  pressure  engines  ;  the  difference  is  priiici])n1ly  in  the  manner  ol  I 
performing  the  operation.  Instead  of  vessels  suspended  as  above,  two 
•olid  pistons,  moving  in  ryliridcrs,  arc  attached  by  rods  or  chains  to  the 
ends  of  a  beam,  or  to  the  ends  of  a  cord  passed  over  a  pulley,  so  that  the 
pressure  of  a  longer  or  ln'avier  column  of  water  resting  upon  one  piston 
forces  it  down,  and  thereby  raises  tho  other  and  with  it  the  lighter  o* 
shorter  column  reposin?  upon  it. 

By  referring  to  the  llth  illustration  on  page  64,  it  will  be  apparent  that 
if  a  cylinder  extended  from  R  to  the  top  of  the  cistern  Z,  and  a  hol'ow 
piston  like  the  upper  box  of  an  atmospheric  pump  fitted  to  work  "  >  it 
were  substituted  for  the  bucket  B,  the  effect  produced  would  be  mncb 
the  same  as  with  the  two  buokets.  for  the  same  auantity  of  water  coulil  'i»e 
"iised  through  the  cylinder  into  the  cistern  Z,  if  allowance  wcr«!  mi*!'"  fiw 
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»n  increase  of  fncdon  in  llie  passage  of  the  piston.*    And  if  another  cjrlin- 

«exteniJeJ  from  F  lo  llie  bottom  of  the  pit  iil  O,  ami  a  solid  piston  fit- 
In  it  were  used  instead  of  the  bucket  A,  will,  a  contrivance  at  the  bot- 
to  allow  lh«  water  to  escape  ;  the  apparatus  would  then  be  a  pres- 
tHK  engine,  although  the  principle  of  the  motive  part  of  it  would  not  hiivo 
been  essentially  changed.  Tlie  cylinders  in  this  example  Wduld  peribrm 
the  part  of  the  buckets  A  B ;  they  might  be  considered  as  pennanent  or 
fixed,  and  very  long  buckets  with  movable  bottoms,  r.  e.  the  jiislonn,  which 
i>y  ascending  and  descending  in  them  received  and  discharged  their  con- 
tents. And  as  with  the  buckets  A  and  B,  the  quantity  of  water  expended 
irom  the  motive  or  descending  column  would  be  proportionate  to  the  di- 
mensions of  the  other  and  the  elevation  to  which  it  was  raised.  Pre.s9uro 
engines  may  therefore  be  considered  as  a  peculiar  modification  of  the 
g^ning  and  losing  bucket  machines,  and  as  a  combination  of  these  with 
Umospheric  and  forcing  ])ump3.  They  admit  of  various  forms  according 
to  the  location  in  wliich  they  are  used  i.-d  the  objects  to  be  uccomjilishcd 
\>y  them.  As  liquids  press  equally  in  a'l  directions,  the  cylinders  may  be 
placed  in  any  position — horizontal,  inclined,  or  vertical.  Sometimes  a 
pressure  engine  consists  of  a  single  cylinder  with  its  appropriate  pipes  anb 
iTblves  like  a  double  acting  pump.  The  water  to  be  raised  enters  at  one 
ode  of  tJie  piston,  and  the  motive  column  at  the  other  ;  but  more  com 
nonly  a  distinct  cylinder  and  piston  receives  the  impulse  of  the  morivo 
column,  antl  in  order  to  transmit  it  to  the  otJier,  the  two  pistons  are  some 
limes  connected  to  the  same  rod  as  in  No.  161 — at  other  times  to  oppo- 
litc  ends  of  a  vibrating  beam  as  in  Nn.  162 — so  that  while  one  cylinder 
led  its  ap[)aratus  act  as  a  pump  to  raise  water,  the  other  is  exclusively 
fmployed  to  work  it.  In  this  respect  pressure  engines  may  be  considered 
■atlier  as  devices  for  communicatmg  motion  to  machines  proper  fur  raising 
wafer,  than  as  the  latter,  and  they  are  sometimes  used  as  projiellers  of 
>tlirr  machines,  but  in  whatever  light  they  may  be  viewed,  they  arc  too 
nferesting  to  be  omitted. 

There  arc  two  kinds  of  pressure  engines,  but  they  differ  from  each 
>thr!r  only  in  that  jinrt  which  receives  the  impulse  of  the  motive  column 
md  transmits  it  to  the;  other.  In  one,  a  solid  body  (a  piston)  is  used  for 
hat  purpose — in  the  other,  a  volume  of  nir;  but  whil-:  a  sliglit  variation  is 
hii»  cnusi-<I  in  the  two  machines,  the  essential  features,  as  well  as  the 
noving  principle  of  both  remains  the  same.  Piston  pressure  engines  are 
laid  to  have  been  invented  in  the  1 8th  century  by  M.  Httrtl,  u  German  en- 
pneer.*  It  is  more  probable  that  he  improved  them  only,  for  tliey  cer- 
ninly  wen?  known  much  earlier:  still  it  may  be  that  he  was  ignorant  of 
heir  previous  use,  and  was  led  to  their  reinvention  by  his  efforts  to  raise 
vuter  from  the  Hungarian  mines,  in  which  he  erected  several  pressuri 
iiacliines  on  the  principle  of  Heron's  fountain  :  the  transition  from  these 
o  the  nthrr  was  easy  and  natural,  and  may  have  resulted  from  his  enjea 
riiurs  In  avoid  a  defect  to  which  the  former  are  subject,  viz  :  the  absorp- 
jon  of  the  nir  by  the  water.  About  A.  I).  17.39,  nn  improved  fonn  of 
)re»eure  engines  was  devised,  and  introduced  into  some  mines  in  France 
)y  Belidor,  which  he  has<lescril)ed  in  his  Architecture  Hydraulique.  S''>me 
Krriters  have  considered  him   the  author  of  piston  pressure  engines,  but 

*  Putn{»  in  certain  localiuiis  arc  M>iiirtimci>  worked  in  ilint  iiiniiner  :  tlie  pinlims  or 
0I4  Iwiiig  Inarlcil  wilh  weiglilK  i<iit!irif?iil  In  depri'M  them,  lire  ruined  hy  a  liticMRl  ol 
frnter  •impended  ut  Ui«  npnnsite  end  of  Iho  ticnm.  wliirb  when  il  ri'Jichf.'"  llie  bottom  it' 
^nliMfls  are  dixlinreed.  liK«  the  biirUel  ,\  in  No.  Ili,  D  in  No.  17.  or  G  in  No.  |ii2. 
'•  *' Muclune  h  colonne  dVaii.  fifrnmn  :  Wii.«ser  Sniilene,.  ,\TdctiiTie  :  inveiitec  piu 
lorll.  premier  Mnchinisie  d'L'Iinpf'rnlrirt-."  Arts  ct  Mclirrca.  L'.^rl  d'cxploitoi 
fiiiM.     Foliu  ed.,  Pari*  1779.  page  J  44X    (tiiurto  ed.  mm.  iviii,  p   131. 
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the  lionor  of  first  inventing  them  is  not,  in  fact,  iltie  to  either  BeMorr: 
Hocll,  ns  llie  following  liguro,  No.  160,  from  a  work  publislied  a  wnl'inr  I 
before  cither  of  tliosc  engmcers  flourished,  will  show.  It  is  from  Fluiiilij 
'ui'uite  timid  seu  let.hnira  marrocosmi.  407.  The  character  of  tliis  nuthnr  I 
lis  HM  astrologer  and  alchyinist,  and  that  of  his  works,  which  abound  wilfc  1 
ahsiirdilies,  have  (irobiildy  caused  the  figrure  to  be  overlooked  bymiHlcral 
writers  on  hyJruulic  tind  hydrostntic  apparatus.  Chemistry,  however, iij 
not  the  only  science  lliiit  is  'nid<>bted  to  the  shrewd  but  mistakcTi  seckenj 
of  universal  panaceas  and  of  the  philosopher's  stone 
The   lower  end  of  the  pipe  r5  P  h 


inseKeu  into  the  water  to  be  raised, 
iog  w  mcitive  liquid  column,  which  °n 
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iv.ng  a  valve  opening  upward*,  ii 
The  pipe  A  receives  the  dcsceiul- 
•htis  case  was  refuse  or  sln^iinl 
water,  flowing  from  a  source  of 
sufficient   altitude.      This   pipe 
may   be   at  a  considerable  Jit- 
tance  from  B  D,  and  is  so  repre- 
sented in  the  original  figure.  It 
terminates  below  in  a  pit,  dnii^ 
or  low  ground,  whence  the  wv 
tcr  discharged  from  it  may  »• 
cape.     The  cn<l  of  it  sImiuIJ  be 
lower  than  that  of  D,  ami  shouM 
be  scaled  or  covered  by  water 
as  represented,  to   prevent  tJie 
enlraiico  of  air.     A  communica- 
tion is  made  between  both  tlicje 
pipes  by   the   horizontal  one  C. 
'I'his  last  is  connected  to  A  »t 
one  of  the  apertures  of  «  throo- 
way  cock,  the  np|>er  and  lower 
part  of  A  being  united   to  tlw 
other  two.    The  other  end  of C 
tcrminiites   nt  the   bottom   of  • 
workingcylindcr.whicliisclosed 
nt  the  to|i,  by  a  short  tube  com- 
inunicutiiigwitli  Dn.irnmcdiiita- 
ly  below  a  valve  placed   in  tha 
hitter.    In  tlic  cylinder,  a  piston 
(indicated   by  llie   dottod   lines) 
is    fitted.      It   is   described   as  t 
wooden   l>lug  covered  with  lev 
ther   and  hiuded    witli   load,  fi» 
as  to  make  it  di-scend  in  the  cy-^ 
No.  tio.   Pr«Hure  Enrii.n  rnira  fIb')''.   A.  o.  1SI8.      ivniler  liy  its  woiirht. 
To  put  this  ni.icliine  in  operation,  tlie  cylinder  and  pipe  D  are  first  fillej 
with  water  thnnigh    the  fin...  ?1  and  small  cock,  after  which  the  latter  is 
closed.     The  plug  of  the  ihrte-way  coclP'is  then  so  arranged,  that  it<  iwi 
orifices  coincide   only  with  the    u/i/ter  i>art  of  A,  and  with  C,  when  thi 
pressure  of  the  column  in  A  \vill  force   up  the  ])ijfon,  ond  wiUi  it  nil  th 
water    previously   in    the   cyVnider,    which    is   thus   Ciimpelle<l    to    ascetK 
through  the   upper  valve   into    the   Jisdiargiiig   pipe  H.      VVhen    this   Ii 
taken    place,  the  vessel  (».  siisper.deil  nt  one  end  of  the   rod    that    poi 
ihroiigli  'he  shank  of  the  plug,  Inis  become  filled  with  water,  from  tlie  5m«l 
jot   issiiii-.g  from  A,  and  descending,  tttrnx  tht  plug  of  tlie  cix:k,  so  u  ti 
close  llie  comT  inication  of  the  ujiper  part  of  A  with  C,  nnd  open  it 


^Z' 


^K/ 


*. 


m 


Imp^rcil  PreAtvre  Engine  from  Belidor, 


35.1 


1  C  ojui  the  lower  part  of  A,  upon  which  the  piston  descends  in  the 
Jor  and  the  foui  wafer  in  C  escapes  through  the  lower  end  of  A  and 
waste.  Tiy  the  time  the  piston  roaches  the  liottom  of  the  cylinder, 
tier  is  refilled  with  A'uter  by  the  pressure  of  the  atmof  phcre,  ns  in  a 
on  pump  ;  and  the  contents  of  G  liave  escaped  through  an  orifice 
Its  Imltom,  wliich  is  closed  l>y  a  valvo — this  valvo  being  opened  bj 
jDJecting  pin  upon  which  the  vessel  descended,  as  sho\nTi  in  the  figure. 
3n  oji  G  is  emptied,  the  weight  on  the  opposite  end  of  the  rod  prepon- 
cs,  and  turns  the  plug  of  tlie  cock  into  Its  former  position  ;  and  thus 
llav  of  the  machine  is  continued  without  intermission.  The  operation 
ig  the  cylinder  through  the  funnel,  is  required  oidy  at  the  first,  like 
lining  ot  II  new  pump, 
origin  of  this  machine  is  uncertain.  It  does  not  appear  to  have 
JinviMitrd  l>y  Fludd  himself,  but  is  inserted  among  others,  which  lie 
ill  from  older  authors  ;  and  such  as  he  examined  abroad.  As  he  tra- 
in Gcrmnny  and  has  dcscrilied  some  of  the  hydraulic  machines 
in  tlic  mines  there,  (see  one  figured  on  page  819,)  it  is  probable  that 
derived  u  knowledge  of  it  in  that  country.  It  jiossesses  considerable 
rrest — it  is  mlf  ailing,  and  that  by  a  vwy  simple  di-vico — it  shows  an  old 
•lic.ation  of  the  three-way  cock — it  exhibits  the  ajiplicntion  of  refuse  or 
xid  water,  to  raise  fresh,  and  in  a  wav  somewhat  similar  to  one  re 
itly  ]iroposed — and  it  is  the  oldest  ))tstc)n  pressure  engine  known. 
The  next  figure  from  IJelidor,  shows  a  great  improvement  on  the  last, 

rch  so,  that  in  some  respects  it  may  be  considered  a  new  machine. 
A,  conveys  the  descending 
H  column  from  its  source  to  the 
three-way  cock  F ;  to  one  of 
the  openings  of  which  it  is 
united.  •  This  cock  is  con- 
nected, at  another  opening, 
to  the  horizontal  cylinder  C, 
whose  axis  coincides  with 
that  of  a  smaller  one  D.  Both 
cylinders  are  of  the  same 
length ;  and  their  pistons  are 
attached  to  a  common  rod,  as 
represented.  Two  valves  are 
pluceil  in  the  ascending  ]>ipe 
U — one  below,  the  other 
above  its  junction  with  the 
cylinder  D.  The  horizontal 
connects  B  and  D  with  the  third  opening  of  the  cock.  By  turning 
pliigof  this  cock,  a  communication  is  opened  alternately  between  each 
inder  and  the  water  in  A.  Thus  when  the  water  rushes  into  C,  it 
ix's  the  piston  before  it  to  the  extremity  of  the  cylinder,  ard  conse- 
iiitly  the  water  that  was   previously  in  D  is  forced  up  the   ascending 

KJ  ;  then  the  communication  between  A  and  C  is  cm  off,  (by  tum- 
e  cork)  and  that  between  A  and  D  is  opcne<|^  \vlien  the  pistons  /'■ 
moved  back  towards  F  by  the  pressure  of  the  column  againct  the 
ler  piston — the  water  previously  in  C  escaping  through  an  opening(J[,i 
in  front  of  the  cock  and  runs  to  waste,  while  that  which  enters  1) 
essarily  forced  up  B  at  the  next  stroke  of  the  pi.stons.  The  cock 
lened  and  closed  by  levers,  connex-ted  to  the  middle  of  the  piston 
ml  was  thns  worked  by  the  machine  ••self  'iy  the  air  chamfxir, 
■charg«  from  G  is  rendered  confnuoiin. 
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Suppone  the  water  in  A  lias  a  perpendicular  fall  of  tli>;ty-foiir  or  fliirty- 
five  feet,  and  it  were  required  to  raise  a  portion  of  it  to  an  elevation  of 
seventy  ft-et  above  F ;  it  will  be  apparoiit  lliat  if  both  pistons  were  of 
the  same  diameter,  such  an  object  could  not  be  accoinplinhed  by  lliis  n»- 
chine — for  both  cylinders  would  virtually  be  but  one — and  so  wculd  llit 
pistons;  and  the  pressure  of  the  column  on  both  sides  of  the  latter  wouU  , 
be  equal.  A  column  of  water  thirty-five  feet  hi£»h  Dresses  on  the  b»»c  tint  I 
sustains  it  wth  a  force  of  151bs.  on  every  superficial  inch ;  and  ore  of 
seventy  feel  high,  with  a  force  of  301bs.  on  tN'ery  inch — hence  without  re 
gardinij  the  frictiiin  to  be  overcome,  which  aris'.'s  from  the  rubbing  of  tin 
pii^tons;  from  the  passage  of  tho  water  through  the  pijie*:  and  from  tbe  ne- 
cessary apparatus  to  render  the  machine  self-acting — it  is  obvious  in  the  cue 
supposed  that  tlie  area  of  the  piston  in  C  must  be  more  tlian  double  thil 
in  I),  or  po  water  could  be  discharged  through  B.  Thus  ui  all  cases, tbe 
relative  proportion  between  tlie  area  of  the  pistons,  or  diameter  of  the  cv- 
liiiders,  must  be  determined  by  the  difference  between  the  perpemlicuUr 
height  of  the  two  columns.  When  the  descending  one  passes  through  « 
perpendicular  space,  greatly  exceeding  that  of  the  ascending  one,  then 
the  cylinder  of  the  hitler  may  be  larger  than  that  of  the  former :  a  smaller 
quantity  of  water  .'n  this  case  raising  a  larger  one  :  it,  however,  dcsccndi 
like  a  small  weight  at  the  long  end  of  a  lever,  through  a  greater  space. 

In  17C0  llie  London  Society  of  Arts,  awarded  to  Mr.  Westgarth  a  nw- 
mium  of  filly  guineas,  for  his  invention  of  a  pressure  engine.     It  is  ucf- 
cribed  by  the  celebrated  Srneatoii,  in  vol.  v,  of  their  Transactions,  as  "one 
of  the  greatest  strokes  of  art  m  the  hydraulic  way,  that  has  appeared  since 
the   invention   of   the  lire   [steam]   engine."      Several    were  erected  lijf 
Mr.  W.  ill  1765,  to   raise  water  from  lead   mines   in  the   north  of  En^- 
'and.     They  were  simple  in  their  construction,  and  somewhat  ivsembleJ 
the  engines  of  Newcomen.     They  differed  from  those  of  Belidor  in  lie 
position  of  the  cylinder;  tho  introduction   of  a  beam;   the  substitution  o( 
cylindrical  valves  in  the  place  of  cocks  ;  and  using  the  motive  columnio 
move  the  piston  in  one  direction  only.     The  cylinder  of  WcstEurth's  en- 
gine was    placeil  in   a  verliral  position,  the   piston   rod  of  which  WiS  sui 
pendcd  by  a  chain  from  tlie  arched  end  of  a  "walking"  or  viliratingbeam; 
whi!*:  the  other  end  of  the  latter,  projected  over  tlie  mouth  of  the  mine  or] 
pit,  ami  was  connected  (by  a  chain)  to  the  rod  of  an  atmospheric  ptn>p\ 
placed  in  tho  pit.     This  rod  was  loaded  as  in  Newcomen's  engine,  so  u| 
to  descend  by  its  weignt  and  thereby  raise  the  piston  of  the  pressure  en- 
gine when  the  column  of  water  was  not  acting  on  the  latter.     Thus,  whe» 
the  motive  column  of  water  was  admitted  into  the  cylinder,  the   pistoq 
was  depressed,  and  the  end  of  the  beam  also,  to  which  it  was  connected] 
consecjuently  the  pump  rod  and  its  sucker  were  raised,  and  with  then 
water  from  the  mine.     Then  as  soon  as  the  piston  reached  the  bottom  i 
he  cylinder,  the  motive  column  was  cut  off,  by  closing  a  valve  ;  and 
passage   ma<le   for  tho  escape   of  that  within  the   cylinder,  by  openinfl 
another — upon  which   the   loaded  pump  rod   again   prepondei^ted — tli 
valve  to  admit  the  column  on  the  piston  of  the  pressure  engine  was  ; 
opened,  and  the  operation  repeated  as  before. 

In  another  form  these  machines  liave  been  adopted,  m  favorable  loca- 
tions, as  first  movers  of  machinery,  and  when  thus  used,  they  exhibit  a 
very  striking  resemblance  to  high  pressure  steam-engines.  Indeed,  the 
elemental  features  of  steam  and  pressure  enginea  are  the  same,  and  the 
modes  of  employing  the  motive  agents  in  both  are  identical — it  is  the  dif- 
ferent properties  of  the  agents  that  induces  a  slight  variation  in  the  ma- 
chines— one  being  an  elastic  fluid,  the  other  a  non-elastic  liquid.  In 
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rnmi's  A  piston  \a  alternately  pushed  up  and  down  in  its  cylinder  liy 
tinm;  una  by  means  of  the  rod  to  which  the  piston  is  secured,  motion  \» 
conimuiiicnted  to  a  crank  and  fly-wheel,  and  through  these  to  the  mnciii- 
nery  to  t>e  propelled  :  it  is  ll;e  same  with  pressure  engines  when  used  to 
move  other  nisichines,  excep!  that  instead  of  thr  clnstic  vapor  of  water,  a 
column  of  that  liqTiid  drives  the  pistons  to  and  fro,  as  will  be  perceived 
bv  in  examination  of  the  following  figure. 
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MotlTe  PrsMnr*  Eiif  ioo. 

E  represents  the  lower  part  of  the  pipe  which  conveys  the  water  do\vu 
from  its  source  into  the  air  chamber  C,  from  the  lower  part  of  which  il 
passes  through  a  short  tube  and  stop  cock  into  the  valve  -tse,  or  "sidii 
pipe"  D.     This  pipe  is  parallel  with  tlie  working  cylinder  of  the  engine 

A,  and  rather  lor:ger :  it  communicates  with  A  through  two  passages  for 
the  adrrmsion  of  the  water  to  act  upon  both  sides  of  tl:e  ]>iston.  The  ends 
of  Dare  closed  by  stuffing  iKJxes,  tlirough  which  a  rod  in  the  direction  of 
its  axis  is  made  to  slide,  and  upon  tliis  rod  are  secured  two  plugs,  shown 
in  the  cut,  that  fill  the  interior  of  the  pipe  like  pist<ui»  and  ns  the  rod  is 
raised  or  lowered,  alternately  open  and  close  the  passases  into  ihe  cylin- 
der. Suppose  the  position  of  the  various  parts  of  the  engine  as  indicated 
in  the  figure,  and  the  stop-cock  in  the  short  tube  tiiat  connects  the  "  sitle 
pipe"  to  the  air  vessel  be  opened,  the  water  would  then  rush  into  the 
•jpper  part  of  the  cylinder  A,  as  shown  by  the  arrows,  and  by  its  statical 
pressure  force  down  the  piston ;  while  any  water  previously  below  the 
piston  would  escape  tliro<igh  the  lower  passage  into  the  side  pipe  (be- 
neath the  plug)  and  run  off  to  waste  through  the  tube  II,  marked  by  dot- 
ted lines,  and  the  circular  orifices  of  which  are  also  figured.  When  the 
piston  has  reached  the  bottom  of  the  cylinder,  llie  rod  to  which  the  plugs 
are  attached  is  drawn  down,  so  as  to  close  the  upper  passage  at.d  open 
the  lower  one,  upon  which  the  water  enters  through  ihi  latter  and 
drives  up  the  piston  as  before,  the  previnus  contents  of  the  cyiirjder  ht>itig 
forced  through  the  circular  orifice  in  the  upper  part  of  the  side  pipe  into 

B.  In  this  manner  the  operation  is  continued  and  motion  imparted  to  the 
lieara,  crank  and  fly-wheel.    The  ajiparattu  for  moving  the  rod  that  opens 
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aiij  closes  llie  piissagcs  into  the  cjlIriJcr  is  analogous  lo  thai  of  ilcatn  en- 
gines, being  cfl'cclcd  \>y  aii  eccentric  on  the  cnuik  shaft.  It  is  omitted 
in  the  cut,  thul  tlie  essential  features  of  die  machine  might  ap|>ear  more 
Conspicuous. 

It  is  obvious  that  engines  of  this  kind  may  bo  employ<i(l  lo  iinpirt  ma- 
tion  to  pumps  or  any  other  machinery.     The  intensity  "f  thr  force  tnn»<  | 
mittej  by  thorn  ile[)Rnils    upon  the    per])eni]icular   height  of  the  inotire  | 
column  and  llie  area  of  the  piston.      The  use  of  the  air  vessel  is,  as  in  tlw  ' 
hydraulic  ram  ami  other  machines,  to  break  the  force  of  the  blow  or  naic  I 
cussion  consequent  on  the  sudden  stoppage  of  the  descending  cilumn  by 
closing  the   passages.     Whenever  the  waste  pipe  B  can  descend  thirtv- 
fivc  or  thirty-six  feet,  the  engine  may  derive  an  additional  power  from  u« 
raritum  thus  kept  up  behind  the  piston,  as  in  low-pressure  steam-engine*. 
The   application   of  this   feature  to  pre.ssure  engines  was   included  in  aii 
English  patent  granted  to  John  Luddock  in  February  1799.     ( Repifrtntj 
of  Arts,  vol.  xi,  page  73.) 

The  invention  of  pressure  engines  brought  to  light  a  new  mode  of  em 

filoying  water  is  a  motive  agent;  and  also   the   means  of  applying  it  in 
ocations  where  it  could    not  otherwise  be  used.     When  water  mfn-esin 
under  or  overshot  wheel,  the  machinery  to  be  propelled  must  be  pkco) 
in   the    immediate   vleiiiity — hence   saw,  grist,  and    fulling   mills.  Sec.  are 
erected  where  the   falling   liquid  flows  ;  an<l  when  steam   is  the  moving 
force,  the  engines  are  located  where  the  fluid  is  generated  ;  hut  with  pres- 
sure engines  it  is  ditlerent,  for  the  motive  agent  may  be  taken  to  the  m»- 
chint^  itself.      In  valleys  or  low  lands,  having  no  natural  fall  of  water,  hm 
wher<;  that  liquid  can  be  conveyed  in  lubes  Irora  a  sullicicnt  elevation,  (no 
matter  how  distant   the  source    may  bi.,)  such  water,  by  these   machines, 
may  be  marie  iii  pro[>el  olhers.     And   by  means  of  them  the   small  lake* 
often  found  on    mountains,  and  v/ater   drawn  from  the  heads   of  falls  anil 
rapids,  may  furnish  power  for  numerous  operations  in  neighboring  plains. 
\V  liiMi  cities  are  supplied  from  elevated   sources,  an  additional  revenue 
might  be  derived  from   the   force  with  which    the   liquid   issues  from   the 
lubes  :  the  occupant  of  a  house  into  which  a  lateral  pipe  from  the  mains 
is  conveyed,  might  connect  the  pipe  to  a   pressure  engine,  and    thereby 
impart  motion  to  lathes,  or  printing  presses;  raise  and  lower  goods  on  difr 
ferent  stones  ;  press  cntton,  paper,  books,  &c.  as  by  a  steam-engine.    Btil 
unlike  tiie  macliiiie  Just  named,  a  pressure  engine  i.s  inexpensive,  and  sim- 
ple in  its  construction — it  rei]Uires  neither  chimneys,  furnaces,  nor  \oadt 
of  fuel;  neither  firemen  nor  engineers,  nor  is  there  any  danger  of  explo- 
sions.    It  may  be  plnceil  in  the  corner  of  a  room,  or  be  concealed  under* 
a  counter  or  a  table.    It  may  be  set  in  operation  in  a  moment,  by  opening 
a  cocTv,  and  the  instant  the  work   is  done,  it  may  be  stojipcd  by  shutting 
the  same,  nnd  thus  prevent  the  least  waste  of  power--and  when  the  work 
'\£  accomplished,  the  water  can  oe  used  for  ;dl  <Tdi:iary  purposes  as  if  jus 
drawn   from   the   mains,  for  tlie  engine  miglit  be  considered  as  merely  i 
continuation  of  the  lateral  tube. 

Pressure  engines  afford  another  illustration  of  the  variety  of  piiri«»«c 
lo  which  a  jiixtim  ami  cylinder  may  bo  applied.  Those  were  probably  first 
used  in  piston  bellows  ;  next  in  the  syringe  ;  subsequently  in  pumps  of 
every  vaj-iety  ;  and  then  in  pressure  and  steam-engines.  The  ninvine 
piston  is  riic  nucleus  or  elemental  part  that  gives  efficiency  to  them  all;  anil 
the  apparatus  that  surround  it  in  some  of  tlicm,  arc  but  its  appendn^^es. 
To  wiiat  extent  it  is  destined  to  be  employed  when  steam  becomes  fsupcr* 
eeded  by  other  fluids,  time  only  can  reveal  ;  but  if  we  m.iy  judge  of  tli4 
futuro  by  llie  pas),  this  simple  devlco  will  perform  greater  wonders  it  Uii 
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■wcrld  thnr.  it  lias  vet  accomplished.     It  is  by  it  only  that  liie.  ener^iy  ol 
elastic  fluids  can  be  ecdnomically  employed. 

Those  ing'eniuus  men  who  first  constructed  a  bellows,  a  syriiipe,  or  a 
pump,  little  thought  that  similar  im]i4emeiits  should  become  sclf-actii!^,  and 
even  be  motive  engines  to  drive  others.  What  weary  laborer  at  the 
pump  in  ancient  Greece  or  Rome,  ever  dreamt,  while  indulging  in  those 
reveries  that  the  mind  conjures  up  to  divert  attention  from  toil  or  pain, 
thut  a  machine  similar  to  the  one  u|>on  which  his  strength  was  expended, 
should  l)e  <levised  to  work  without  human  aid  : — and  that  a  modification 
of  it,  e.Ycited  by  the  vapor  of  a  boiling  cauldron,  shouUI  exert  a  force 
compared  with  which  the  power  of  the  'I'itans  was  im,(olcnce — a  force 
that  should  drive  fleets  of  gallies  through  a  storm — hurl  tnissihjs  hke  the 
balistse — propel  chariots  "  witiiout  horses" — polish  a  mirrcu- — forge  a 
hatchet,  a  tripod  or  a  vase — an<l  spin  thread  and  weave  it  into  veils,  fine 
as  those  worn  by  the  vestal  virgins — and  yet  should  nerer  fire  !  Could 
the  imaginations  of  the  dcprcs$e<l  plebeians  and  slaves  of  aiiliijuity  have 
had  a  glimpse  of  such  a  machine,  and  had  they  been  itiformed  that  it 
would  in  .some  future  time,  which  the  oracles  had  not  revealed,  be  gene- 
rally employed — how  vehemently  would  they  have  importuned  the  gods 
to  .send  it  in  their  days  !  And  why  did  they  not  have  it  ?  Because  the 
useful  arts  were  neglected  and  their  professors  <lespis«!d — while  those 
professions  the  most  destructive  of  human  felicity  were  cultivated.  War 
was  a<'c<)unted  honorable,  and  hence  nations  were  iiicessnntly  engaged  in 
conflicts  with  each  other — a  military  .•spirit  p<;rvaded  the  minds  ol'  the 
jieople,  and  it  rewarded  them  by  .soaking  every  land  with  their  blood. 

The  history  of  machines  composed  of  pistons  and  cyliiulers  also  illus- 
trates the  process  by  which  some  simple  inventions  have  become  iipplied 
to  purposes,  foreign  to  those  for  which  they  were  originally  tlesigued — 
each  application  opening  the  way  for  a  dilTerent  one.  In  this  manner  de- 
vices apparently  insignificant  have  eventually  be<romc  of  the  utmost  value 
and  it  is  probable  that  there  is  no  mechanical  combination  or  device,  how- 
ever usijless  it  may  now  appear,  but  which  will  be  thus  brought  into  play 
These  machines  also  teach  us  how  new  discoveries  are  iniide  in  the  arts, 
viz  :  by  ohterving  comi/um  rrsultx,  and  applying  the  principles  or  processes 
by  which  tliey  are  induced,  toother  objects  or  designs.  Every  mechani- 
cal movement  and  manufacture — an  unsuccessful  exijeriinent^-ilel'ects  or 
derangements  of  ordinary  machine.s,  &e.  are  all  practical  demonstrations 
that  indicate  the  means  to  produce  analogous  (.-fleets,  or  to  avoid  ihem. 
Fulton  employed  steam-engines  to  turn  paddle  wheel.s — Eli  Uhitney 
adopted  circular  saws  as  cotton  gins ;  and  both  became  benefiulors  ot 
t:i'*ir  country — a  poor  barber  in  England,  after  exercising  his  ingenuity 
on  the  perpetual  motion,  applied  some  of  his  devices  to  cotton  s|>inning, 
ei.d  not  only  became  one  of  the  most  opulent  of  manufacturers,  but  s(!cured 
a  place  in  the  biography  of  eminently  useful  men. 

Nearly  all  modern  improvements  and  inventions  have  been  brought 
abnut  in  a  .somewh.it  similar  mannc^r,  and  there  arc  few  but  what  might 
have  Ix'en  anticipated  by  attention  to  every-duy  facts.  Suppose  pie.ssnie 
engines  had  not  yet  been  known  :  they  miglit  be  developed  by  reflectii.g 
on  a  very  common  circumstance  connected  with  ordinary  pumps.  Whe:. 
jne  of  those  no  longer  retains  water  in  the  cylinder  and  trunk,  it  is  nece.s- 
BS'-v  to  prhriK  it,  by  pouring  in  a  fjuantity  sufficient  to  fill  the  ."pace  in 
which  the  sucker  moves:  this  water  nesting  upon  the  latter  pre.s.-'es  it  down, 
and  consequently  raises  the  lever  or  jiump  handle,  which  again  de:?reiids  as 
soon  as  the  water  escapes  below  ;  thus  illustrating  the  principle  by  which 
•"•wdure  engiiHM  act— the  lever  being  moved  by  the  water  instead  of  the 
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walor  Iiy  it.  How  many  ages  huve  elanseJ,  nnil  ln'W  mnnv  millioin  ul 
ftoowlu  Imve  svitiicssed  diia  opt'iatinn,  williout  n  useful  iiica  having  bctrii 
donvcd  from  it  ?  And  wiihout  iiiiy  one  lliinkiiig  that  vuluable  luiwiiiin 
science  might  bu  Icurnt  IVom  a  disorJeieii  pump,  or  from  tlie  Irregulir 
raovemenu  of  u  |iuin|)  hiuiJlc  1  Those  observing  minds,  however,  thul 
are  constantly  on  Oie  iilert  for  facts — like  bees  incessantly  on  the  wing  lor 
honey — \v(nild  not  now  suffer  even  such  an  occurrence  to  pass  uiinolicoj; 
nor  would  they  liesimie  to  consider  those  unpleasant  knocks  wliiih 
hundri-ds  of  people  (and  the  writer  among  them)  have  occasionuily  expe- 
rienced from  the  unexpected  descent  oi'  a  heavy  pump  handle  on  their 
persons,  and  in  some  instances  more  unpleasant  ones  from  its  sudden  u- 
cent — us  admoniiions  to  turn  the  experiment  lu  advantage.  The  simple 
riae  of  water  which  his  body  displaced  in  a  batbing  tub,  was  seized  ini 
twinkling  Ijy  the  mathematician  of  Syracuse  to  solve  a  new  and  Jiffinult 
problem  ;  yet  the  same  thing  had  been  previously  witnessed  for  tLou«iiJ» 
of  years,  but  no  one  ever  tliought  of  applying  the  result  to  any  such 
purpose. 

Ii  perhaps  may  be  a  question  whellier  the  ina  liines  already  Jcscribed 
in  tills  chapter  wure  known  to  the  engineers  of  aniic)uily,  hut  diere  i$uo 
room  to  d<iubt  their  aci|uaintance  with  another  variety  if  pressure  engine*, 
iiince  we  have  obtained  a  knowledge  of  tlieni  from  the  Spiritalia  of  neroa, 
whose  name  they  still  bear.    It  is  obvious  that  a  liquid  may  be  forced  out 
of  a  vessel  by  pressing  into  the  latter  any  other  substance,  no  matter  wli*t 
the  nature   of  it   may  be,  whether  solid  or  fluid,  liquid  or  aeriform:  ihu^ 
the  solid  plunger  or  pisKm  of  a  pump  does  not  more  efTcclujIlv  expel  llie 
content*  of  the  cylinder  in  which  it  moves,  than  the  elastic  Huid  iu  u  soils 
fountain  driv«!s  out  the  aerated  water  ;  hence,  if  air  be  urged  by  tne  pn* 
sure  of  a  liquid  column,  or  by  any  other  (iirce,  to  occupy  the  interior  ^f« 
vessel   containing  water,  the    hquid   may  be   raised    through  a  tube  to  »n 
elevaliim  equal  to  the  force  that  moves  it;   the  air  in  this  case  perfortjiing 
the  part  of  pistons  in  the  jjressure  engines  alieudy  described  ;   and  its  ef- 
fects are  greater  than  can  be  produced  i)y  solid  pistons,  for  the  fi-ielion  ol 
these  consumes  a  considerable  portion  of  the   motive  force,  so  that  a  co- 
lumn of  water   raised  by  them  uan   never  equal  the  one  that  raises  it; 
whereas  air,  from  its  extreme  mobility,  receives  and  transmits  the  moi-ji-n- 
turn  of  the  motive  column  undiminished  to  the  other. 

The  foniitaia  of  Heron  is  the  oUlest  pressure  engine  known,  and  in  il » 
volume  of  air  is  used  as  a  substitute  for  a  pieton.     Tt  is  not  certain  thti;  it 
Was   invented   by  him,  for  il  may  have  been   an   old   device   in   his    limu, 
and  one  which  he  thought  worthy  of  preservation,  or  of  being  made  rocird 
•jxtensiveiy  known,  and   therefore  inserted  an   account  of  it   in  his  book. 
See  No.  IG3.      The   two  vessels  A  U,  of  any  shape,  are    made   nir   tiglit4 
The  to[)  of  tlio  iipi>er  one  is  formed  into  a  dish  or  basing  in  the  (•ciitti 
which  the  jet  pipe  is  inserted,  ius  lower  end  extending  to  iiear  il 
of  A  :  a  pip"  C.  whose   upper  orifice   is   soldered  to   theMraJui 
down  to  near  tiie  bottom  of  the  lower  vessel,  either  passing  through  tin 
lop  of  H,  as  ill  the  figiiic,  or  inserted  al  the  side.    Another  pipe  D  is  con 
lecled  to  the  top  '>f  13,  and  conlinued  to  the  upper  ])arl  of  A.      This  piix 
conducts   the  air  from  Ii  to  A.     Now  suppose  the  vessel  A  filled  wiiJ 
water,   through  an   aperlme  made   for  the   purpose,  and  which   is  thcl 
closed  ;   the  object   is  to  make  this  water  ascend  through   the  jet,  and  it 
accomplished  thus: — water  is  poured  into  the  l>;isir.,and  of  course  it  rni 
down  the  pipe  C  into  1}  :  and  as  it  rises  in  the  latter,  tiie  air  within  is  m 
cessarily  compressed,  and  having  no  way  to  escnpe  but  up  tin-  pipe  I), 
aocendp  uito  the  upper  pari  of  A,  where  being  pressed  on   the  surface 
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ilic  water,  the  Iiitter  is  compelled  to  ascend  througli  the  jet  pi)>e,  as  shiwi 
>n  the  cut.     The  water  thus  forced  out,  falls  back  into  the  Lusin,  and  run- 
aing  down  C  into  B  continues  tlie  play  of  the  machine,  until  all  the  water 
in  A  is  expended.  The  elevation  to  which  water  in  A  can 
he  thus  raised  through  a  tul)e,  will  be  equal  to  the  perpen- 
dicular distance   between  the'  two  orifices  ol'  C     To  per- 
SanS  W-lio  are   ignoraiil  Of  ihL  LUiialMisliuil  Uf  these  foun- 
tains, the  water  in  the  basin  appears  to  descend,  and  to 
rise  again,  through  the  jet.  Such  is  not  the  fact;  wore  it  so, 
this  machine  would  be  a  perpetual  motion,  or  sonic-thing 
very  like  one.     Some   persons  beguiled  by  the  apparent 
possibility  of  inducing  it  to  ascend,  have  attempted  the  so 
lutJon  of  that  problem  by  a  similar  apparatus.     We  maj 
as  well  confess  that  in  our  youth  we  were  of  the  number 
The  younger  Pliny  seems  to  have  fallen  into  the  saime 
mistake  respecting  a  fountain  belonging  to  his  country  seat. 
Portable  fountains  of  this  kind  might  be  adopted  as  ap- 
propriate appendages  to  flower  gardens,  and  even  drawing 
rooms.     The  pipes  might  be  concealed  within,  or  modeled 
into  a  handsome  column,  whose  pedestal  formed  the  lower 
vessel,  while  the  upper  end  assumed  the  figure  of  a  vase. 
Such  an  addition  to  the  furniture  of  an  a])urtnieiit  would 
be  a  useful  ac(juisition  at  tliose  seasons  when  the  atmos- 
phere, glowing  like  the  air  of  an  ovon,  scorches  our  bodies 
during  the  day,  and  in  the  evening  we  gasj)  in  vain  for  the 
^__^        pooling  breeze  :  at  such  times  a  minute  stream  of  water 
HHAki'''' 'spouting  and  sparkling  in  a  room  would  soon  allay  the 
KHM^     heat  and  invigorate  our  drooi)ing  spirits — imparting  the 
«  ^a"        refreshing  co(^ness  of  autumn  amid  the  burning  heats  of 
^^  summer;  and  if  the  liquid  were  perfumed  with  allur  of  roses, 

or  oil  of  lavender,  we  might  realize  the  most  innocent  and 
delicious  of  oriental  luxuries.  The  play  of  such  a  fountain 
might  be  continued  for  two  or  three  hours  at  a  time,  for  the  size  of  the 
stream  need  hardly  exceed  that  of  a  thread,  and  by  a  slight  modification, 
the  jet  could  be  renewed  as  often  as  the  upper  vessel  was  emptied,  by 
simply  inverting  the  machine  :  or,  the  whole  might  be  arranged  without, 
except  the  ajutage  and  the  vase  in  which  the  jet  played.  (See  remarks 
on  fountains  in  tlie  fifth  book.) 

This  fountain  has  been  named  a  toy,  but  it  is  by  such  toys  that  impor- 
tant discoveries  have  been  made  in  every  age.  It  is  clearly  no  rude  or 
imperfect  device  :  not  a  first  thought ;  on  the  contrary,  it  bears  the  evi- 
dence of  a  matured  machine,  and  of  being  the  result  of  a  familiar  iicquuint- 
auce  with  the  principles  ujum  which  its  action  de)>ends.  Unlike  older 
hydraulic  machines,  it  requires  no  distinct  vessel  within  wliich  to  raise  a 
a  liquid ;  nor  does  it  resemble  pum|>s,  since  neither  cylinders,  suckers, 
valves  or  levers  are  required,  nor  any  external  force  to  keej>  it  in  motion. 
Its  invention  may  l>e  considered  as  having  opened  a  new  era  in  the  his- 
tory of  machines  for  raising  water,  for  it  is  susceptible  of  an  almost  endless 
variety  of  modifications,  an<l  of  being  applied  to  a  great  number  of  pur- 
poses. To  understand  this  it  is  only  necessary  to  bear  in  mind  that  tht 
relative  position  of  the  two  columns  is  immaterial :  they  may  be  a  mile 
distant  from  each  other,  or  they  may  be  nearly  together.  The  one  that 
raises  the  otlier  may  be  above,  below,  or  on  a  level  with  the  latter ;  both 
may  be  con'veyed  in  pipes  along  or  under  the  surface  of  the  ground,  and 
ir  any  direction :  the  only  condition  required  is,  lliat  the  perpendicuUt 
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ilislancc  hctwccn  t'lO  uppor  and  lower  orifices  of  the  pine  in  vvhii-.h  kJ* 
motive  ciilumu  flows,  shuU  be  eijual  to  the  force  rcijuired  to  raise  the  olb*-"' 
to  the  proposed  elevation. 

A  pressure  engine  on  the  principle  of  Heron's  fountain,  erected  hy  M' 
Hoell  in  175.5,  to  raise  water  from  one  of  ihc  mines  in  Hungary,  has  lontj 
been  colelirated.  In  the  vicinity  of  one  of  the  shafts  at  Chemnit/,  there  u 
a  hill  upon  which  is  a  spring  of  water,  one  hundred  and  forty  feet  alK»'«."B 
tie  mouth  of  the  shaft.  This  spring  furnishes  more  water  than  iliat  whl«=h 
rises  at  the  bottom  of  the  mine,  which  is  one  hundred  and  four  feet  licli»"'rr 
the  mouth  of  the  shaft.  The  water  in  tlie  mine  is  ruisoil  by  means  of  t^««t 
on  the  hill  by  an  apparatus  similar  to  liio  one  figured  in  the  unnexoil  cux_ 

A  represents  a  strong  copp(;r  vessel  eight  feet  and  a  half  high,  five  fc^«it 
diameter,  and  two  inches  thick.     A  large  cock  marked  3  is  inseried  tie 

the  bottom,  and  a  smaller  one  2  ne.ir  the  tr 
From  this  v<•^sel  n  pipe  D,  two  inches  in  d  ^a* 
meter,   reaches    down    and  is    connecU'd         to 
the  top  of  the  vessel  U  at  the  l«ittoni  of  clie 
shaft.      This  vessel   is  smaller  than  the  iipr:»<.r 
one,  being  six  feet  and  a  half  high,  lour  t»j?»<t 
diameter,   and   two   inches   thick,  and   of  K  lie 
same  material   as  the  other.     A  pipe  E,  {our 
inches  diameter,  rises  from  near  the  hott«  •in 
of  B  to  the  surface  of  the  ground,  where    it 
discliarges   the  water.      The   pipe  C  coiivcs^ 
the  water  from   the   spring  on  the  hill ;  it    is 
also    four  inches   dinnieier,  and    descends    to 
near  the  bottom  of  A.     It  is  funiisheil  witi/  a 
cock  1.      Water  is  admitted  into  IJ  through  a 
cock  4,  or  a  valve   opening  inwariLs,  wliicb 
closes  when  B  is  filled.    The  vessel  A  is  sup- 
posed to  be  empty,  or  rather  filled  with  «if, 
and  its  two  cocks  shut.     The  cock  1  is  then 
opened,  when  the  water  rushing  into  A  con- 
denses  the  air    witliin   it  and   the    pipe   J), 
and    this    air    pressing  on    the  w.iter   ia  B, 
forces  it  up  the  pipe  E.     As  soon  as  it  ceasv* 
to  flow  through  L,  the  cock  1  is  shut  uriU  2 
and   3   are  opened,  when  the  water  in  A  is 
discharged  at  3.     The  cock  or  valve  ut  tho 
bottom  of  B  is  opened,  and  the  water  eutetittg 
drives  the  air  up  D  into  A  where  it  tjscajn* 
at  2.     The  operation  is  then  repeated  as  before. 

If,  when  water  ceases  to  run  at  E,  the  cock  2  be  opened,  both  water 
and  air  rush  out  of  it  together,  and  with  such  violence  that  the  liijuid  is, 
by  the  generation  of  cold  conseijuenl  on  the  sudden  expansion  of  the  con- 
densed air,  converted  into  hail  nr  pellets  of  ice.  This  fact  is  generalW 
shown  to  strangers,  who  are  usually  invited  to  hold  their /i (its  in  frotit  of  the 
cock  so  as  to  receive  the  blast ;  when  the  hail  issues  with  such  vioU-ncv, 
as  frecpiently  to  pierce  the  hats,  like  pistol  bullets.  This  mode  of  pro- 
ducing ice  was  kiio«Ti  to  the  manpiis  of  Worcester,  who  refers  to  it  in  the 
eighteenth  proposition  of  hisCentury  of  Inventions,  relating  to  an  "artifi- 
cial fountain,  holding  great  tjuantity  of  water,  and  nf  farce  suffiv.mt  tt- 
make  snow,  ice,  and  tliunder."  Some  additions  to  the  machine  at  f'hem- 
nitz,  by  which  it  might  be  rendered  selfacting,  were  proposed  in  )7J>6. 
They  consisted  of  small  vcss'ils  suspended  from  levers  that  were  socin'.i} 
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be  slianks  of  tlic  cocks,  wliich  tliey  opened  and  shut  in  the  came  man- 
I' as  sbown  in  No.  160.  A  similar  contfivance  may  be  seen  in  several 
} authors — it  is  in  llio  S|iintiiliii :  Uecaus,  Fliuld,  Moxon  ard  Switxer 
ye  all  "iveii  figures  ol'  it.  Tlie  ijuaiitity  of  water  raised  from  the  ihafl 
'inpHrcJ  witli  tliut  expended  from  tl.e  spring  was  as  42  to  100. 

fly  arranging  a  series  of  vessels  aliove  t;ucli  other  and  coiuK'Cling  thi'in 
>ipes  as  in  Nu.  1G3,  water  may  be  raised  to  almost  any  height,  in  lo 
tions  that  have  the  advantage  of  a  small  fall.  The  distance  between,  yy 
;  vessrls  not  exceeding  the  perpendicular  descent  <)f  the  moti%c  column^ 
uch  last  IS  riiade  to  transmit  its  force  to  eacli  vessel  m  succession — ^riirc- 
j  the  contents  of  one  into  the  nc.\t  above,  and  so  on.  Such  a  machine 
interesting  as  showing  the  extent  to  which  the  princi[ilc  of  Heron's 
intain  may  be  applied,  but  for  practical  purposes  it  is  of  little  value.  It 
too  complex  ('/made  self-iu'liTig)  and  too  expensive  for  common  use; 
d  it  is  far  inferior  to  the  water  ram.  It  was  described  by  Dr.  Darwin, 
his  P/ii//(j/tigiu,  to  which  moderi  writers  generally  refer,  but  it  is  an 
i  affair.  It  is  fiijured  by  Moxon  in  liis  "  Mechanick  rowers,"  Lon.  1696, 
J  i»  mentioned  by  ojiler  autliors.  It  is  substantially  the  same  as  the 
ubie  fountain  of  Heron,  as  found  m  tlic  Spirilalia  and  tlie  works  of  mast 
iters  on  hydraulics. 

By  far  tlie  most  novel  and  interesting  mCHlification  of  Heron's  fountain 
devised  in  the  year  1746  by  H,  A.  TJ';Vir,  a  Swiss  pewterer  or  tin- 
Ite  worker  of  Zurich.  It  is  sometimes  named  a  spiral  pnnl]^.  and  was 
ide  to  raise  water  for  a  dye  house  in  the  vicinity  ol  that  city.  \\  hat  the 
cumstonces  were  that  loil  Wirtz  to  its  invention  we  are  not  informed — 
lether  it  was  suggested  by  soine  incidiMit,  or  was  the  result  of  rciisoning 
>ne.  It  is  represented  in  the  ilbistralions  Nos.  1155  and  ICC,  the  first 
a  section  and  the  latter  an  external  view. 


No,  ISS.    S<xtion  of  Wiru'i  Pamp.  No.  188.    View  c.  V/iruSi  Pump. 

^irlz's  machine  consis'os  either  of  a  helical  or  a  spiral  pipe.     As  the 
let  it  is  colled  round  in  one  plane  as  A  B  C  D  E  F  in  No.  165.     As 
IDiral  it  is  arranged  round  the  circumference  of  a  cone  or  cylinder,  and 
»u  resembles  the  worm  of  a  still.     The  interior  end  at  G  is  united  by  a 
Br  tight  \uint  to  the  ascending  pipe  H.     See  Nn,  166.     The  open  end 
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of  tliu  cull  U  enlarged  so  as  to  form  a  scoop.  When  the  machine,  inv 
merseJ  in  water  as  represented,  is  turned  in  the  direction  ot'  the  arron 
the  v/atcr  in  tlie  scoop,  as  the  latter  emerges,  passes  along  the  pipe  driv' 
ing  the  air  before  it  into  G  H,  where  it  escapes.  At  the  next  revolutior. 
both  air  and  water  enter  the  scoop  ;  the  "water  is  driven  along  the  tulie  'ii 
oefure,  but  is  separated  from  the  first  portion  by  a  column  of  air  of  nearly 
equal  length.  By  continuing  the  motion  of  the  machine  another  noninii 
of  water  and  another  of  air  wtll  be  introduced.  The  body  of  water  in  eac'n 
coil  will  have  both  its  ends  horizontal,  and  the  included  air  will  be  of 
about  its  natural  density  ;  but  as  the  diameters  of  the  cchU  diminish  to- 
wards the  centre,  the  column  of  water  which  occupied  a  semicircle  in  the 
ojter  coil,  will  occupy  more  and  more  of  the  inner  ones  as  they  upproaih 
the  centre  G,  till  there  will  be  a  certain  coil,  of  which  it  will  occupv  a 
cosolete  turn.  Hence  it  will  occupy  more  than  the  entire  space  uitran 
this  coil,  and  conse<]uently  the  water  will  run  back  over  the  top  of  the 
succeeding  coil,  into  the  right  hand  side  of  the  next  one  and  push  the 
water  within  it  backwards  and  raise  tlie  other  end.  As  soon  as  the  water 
"ises  in  the  pipe  G  H,  the  escape  of  air  is  prevented  when  the  scoop 
takes  in  its  next  quantity  of  water.  Here,  then,  are  two  columns  of  water 
acting  against  each  other  by  hydrostatic  pressure,  and  the  intervening  co- 
iiinn  uf  air.  They  must  compress  the  air  between  them,  and  the  water 
and  air  columns  wiii  now  be  unequal.  This  will  have  a  general  tendency 
lo  keep  the  whole  water  b:ick  and  cause  it  to  be  higher  on  the  left  or  ris- 
Jig  side  uf  each  coil,  than  on  the  other.  The  e.xcess  uf  height  will  be  just 
such  as  produces  tlie  compression  of  the  air  between  that  and  the  preced- 
ing column  of  water.  This  will  go  on  increasing  as  the  water  mouuttin 
H.  Now  at  whatever  height  the  water  in  H  may  be,  it  is  evident  thai 
the  air  in  the  small  column  ne.xt  to  it  will  always  be  compressed  witli  the 
weight  of  the  water  in  H — an  equal  force  must  therefore  be  exerted  Ly 
the  Wilier  in  tlie  coils  to  support  the  column  in  H.  This  force  is  the  sum 
of  all  tiie  differences  between  the  elevation  of  the  inner  ends  of  the  water 
ill  each  coil  above  the  uuier  ends ;  and  the  hei^it  to  which  the  water  will 
rise  in  H  will  be  just  e(|i.al  to  this  sum.  Dr.  Gregory  observes  that  tlie 
principles  on  which  the  theory  of  this  machine  depends  are  confessedly 
intricate  ;  but  when  judiciously  constructed,  it  is  ve^ry  powerful  and  effec- 
tive in  its  operatioi:.  It  has  not  been  ascertained  whether  the  helical  or 
spirtl  ♦i)rin  is  best.  Some  of  these  machines  were  ei-ected  in  Florence  in 
177o.  In  17S4,  one  was  made  at  Archangelsky,  that  raised  a  hogshead  uf 
water  in  a  minute  to  an  elevation  of  seventy-four  feet,  and  through  a  pipe 
seven  hundred  and  sixty  feet  long.     See  Gregory's  Mechanics,  vol.  ii. 

It  perhaps  may  facilitate  an  understanding  of  this  curious  machine,  by 
remarking  that  the  pressure  exerted  by  the  column  of  water  in  one  side  of 
each  coil  is  pn>p(>rtioned  to  its  length,  and  that  this  pressure  is  transmit- 
ted, through  the  coiuiiiu  of  air  between  them,  to  that  of  the  next :  the  com- 
bined lonre  of  both  is  then  made  to  act,  by  the  revolution  of  tlie  tubes 
upon  the  lliiixl  column,  and  so  on,  till  the  accumulated  force  of  diem  al 
is  coiunniiiicnled  to  the  water  m  H  ;  and  hence  the  elevation  to  wliicl 
wafer  can  be  tnus  raised,  can  never  exceed  the  7u:n  of  the  altitudes  of  iht 
iiquiu  columns  .r,  the  coils. 

USD  OF  TIIE  THIRD  BOOK. 
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lACHINES   FOR   RAISING  WATER.  (CHIFFLY  OF   MODERN   OKHGIN, 

LNCLUDIN<J    EARLY   APPLICATIONS  OF  STEAM    FOR 

THAT  PURPOSE. 


CHAPTER    I. 

Drrtcts  or  th«  lower  mniaiiU — Some  «a)malf  aware  that  force  U  (nerea*ed  by  the  tpmzn  tljroilfh 
«  litch  m  in*iiy  ffloTe* — Birrli  ilrop  sbrll  fish  from  preai  elrvatiuDt  to  hrcbk  the  uticlli — Death. of  jEMhjrliia 
— Tnml'iiU  Ix'twren  the  malei  of  ftheep  and  |font»— Military  ram  of  the  ancicDii — Water  rania — Wavea 
—Moinriitum  acquired  by  runnios  water — Kxuinplca — \Vliilohur»t'a  macbiuo^llyilraulic  ram  of  JUoal 
foUar — **  Caaafl  bydrattltqiie*'  and  ita  modificatioua. 


Or  the  macliincs  appropriated  to  the  fourth  division  of  this  work,  (sec 
page  8.)  centrifugal  punij)s  and  a  few  others  liave  already  been  descrfDeo. 
There  remain  to  be  noticed,  the  water  ram,  ranne  hydraulitpie,  aiiu  oe- 
vices  for  raising  water  by  means  of  steam  and  other  elastic  fluids. 

If  the  various  operations  of  the  lower  animals  were  investigated,  b  ihotl- 
sand  devices  that  are  practised  by  man  would  bo  met  with,  and  probabiy 
a  thousand  more  of  which  we  yet  know  nothing.  Evea  the  means  by  which 
they  defend  themselves  and  secure  their  food  or  their  prey,  are  calculated 
to  impart  useful  information.  Some  live  by  stratagem,  laying  concealed 
till  their  unsuspecting  victims  approach  within  reach — olher.s  dig  pitfalU 
In  entrap  them  ;  and  others  agiiriti  fabricate  nets  to  entangle  them,  and 
coat  tlie  tiiteads  with  a  glutinous  substance  resembling  the  birdlime  of  the 
fowler.  Some  species  distill  poison  and  slay  their  victims  by  infiising  it 
into  their  blood;  while  others,  relying  on  their  muscular  energy,  sjffbcale 
their  }>rcy  in  their  embraces  and  crush  both  body  and  bones  into  a  pulpy 
raa»».  The  tortoise  draws  himself  into  his  shell  as  into  a  fortress  and  bids 
deliiiiicc  t  '  his  foes;  and  the  porcupine  erects  around  liis  body  an  array  o( 
bayonets  f.om  which  his  enemies  retire  with  dread.  The  striMigth  of  the 
ox,  the  bulTalo  and  rhinoceros  is  in  their  necks,  and  which  they  apply 
with  resistless  force  to  gore  and  loss  their  enemies.  The  elephant  by  his 
weight  treads  his  foes  to  death  ;  and  the  horse  by  a  kick  inflicts  a  wound 
lliat  is  often  as  fatal  as  the  bullei  of  a  rifle  ;  the  space  through  which  his 
foot  passes,  adding  force  to  the  blow. 

Tiiere  are  numerous  proofs  of  some  of  the  lower  animals  being  aware 
iint  the  momentum  of  a  moving  body  is  increased  by  the  space  through 
•which  it  fulls.  Of  several  species  of  birds  which  feed  on  shell  fish,  some, 
when  unable  to  crush  tlie  shells  with  tlieir  bills,  carry  them  up  in  the 
air,  and  let  them  drop  that  they  may  be  broken  by  the  fall.  (The  Athe- 
nian poet  .ysilivliis,  It  Is  said,  was  killed  by  a  tortoise  that  an  eagle  drop- 
ped upfjn  111*  iiai'J~liead,  which  thd  bird,  it  ia  »upposed,  mialook  for  a  stone.) 
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MTien  llie  males  of  sheup  or  goata  prepare  to  A«//,  they  olways  rwnl* 
I'lickwariis  to  some  Jistunce  ;   mid  then  ru.<liing  impetuously  forvranl,  l»c- 
cumulating  force  as  tUey  go,)  l)ririg  their  forehoiuls  in  conluct  witli  n  »hocli 
ihnt  sometimes  proves  faiul  to  both.    The  ancients,  perluips,  from  wiini'ss 
ing  the  battles  of  these  uninmis,  constructed  military  enginrs  tn  act  on  th' 
same  principle.  A  ponderous  betim  was  suspended  at  llie  middle  bv  cliaini, 
nnd  one  end  impelled,  by  the  united  efforlji  of  a  number  of  men  nt  the  op- 
posite end,  against  walls  which    it  demolislied  with  slow  but  sure  eflen. 
The  i)iUlenng  end  was   generally,  and  with  the  Greeks  and  Rotran*  oni 
formly,  protected  by  an  iron  or  bronze  cap  in   tlie  form  of  a  rani's  head; 
and  the  entire  instrument  was  named  after  that  animal.     It  was  the  most 
destructive  of  all  llieir  war  machinery — no  building,  however  solid,  could 
long  withstand  its  attacks.     Plutarch,  in  his  life  of  Anthony,  mentions  obf 
eight;/ Jrct  in  length. 

The  action  of  the  ram  is  familiar  to  most  people,  but  it  may  not  be 
Known  to  all  that  similar  results  ml^ht  be  produced  by  a  liquid  as  by  a  solid 
— that  a  long  column  of  water  moving  with  great  velocity  might  be  made 
equally  destructive  as  a  beam  of  wood  or  Iron — yet  so  it  is.  \Vnvcs  of  the 
sen  act  as  water-rams  against  rocks  or  other  barriers  that  impede  their 
progress,  and  when  their  force  is  increased  by  storms  of  wind,  the  mojt 
Holid  siriuturcs  give  way  before  tticm.  Tiic  old  lighthouse  on  the  Eddv- 
Btone  rocks  was  thus  battered  down  during  a  storm  in  1703,  when  the 
engiii"er,  Mr.  Winstanley,  and  all  his  people,  perished. 

The  increased  force  that  water  acquires  when  ha  motion  is  accelerated, 
might  l>e  shown  by  a  thousand  examples  :  a  bank  or  trough  that  easily 
retains  ii  when  at  rest,  or  when  slightly  moved,  is  often  insufficient  when 
its  velocity  is  greatly  increased.  When  tlie  deep  lock  of  a  canal  is  opened 
U)  transfer  a  boat  or  a  ship  to  a  lower  level,  the  water  is  permitted  to  de- 
scend by  slow  decrees  :  were  the  gales  opened  at  once,  the  nishing  mass 
would  swue|)  the  gates  below  before  it,  or  the  greater  portion  «*'ouUI  |je 
c.-irried  in  llie  surge  quite  over  them — and  [)erhaps  tlie  vessel  niso.  A 
sluggish  stream  iirops  almost  perpendicularly  over  a  prexipire,  l>.it  the  mo- 
mentum of  a  rapid  one  shoots  it  over,  and  leaves,  as  at  Nirjram,  n.  wide 
apace  between.  It  is  the  same  with  a  stream  issuing  from  a  lu>ri7x)nial 
tube — if  the  li<|uid  pass  slowly  through,  it  falls  inertly  at  tlic  orifice,  but 
if  its  velocity  'je  considerable,  the  jet  is  carried  to  a  liistance  ore  it  touches 
the  ground.  The  level  of  a  great  part  of  Holland  is  below  the  surface  of 
the  sea,  and  the  dykes  are  in  some  parts  thirty  fett  high  :  whenever  a 
leak  occurs,  the  greatest  efTorts  are  made  to  repair  it  immediately,  nnd  for 
the  obvious  reason  that  the  aperture  keeps  enlarging  and  the  liquid  mas% 
lyehiml  is  put  in  motion  towards  it;  thus  the  pressure  is  incicascd  and. 
if  the  leak  be  not  stopped,  keeps  increasing  till  it  bears  with  Ilt'eoistaM'- 
force  all  obstructions  away.  A  fatal  exariiplc  is  recorded  in  the  ancient 
history  of  Holland  : — an  ignorant  burgher,  near  Dort,  to  be  revenged  on 
a  noiglihour,  dug  a  hole  through  the  dyke  opposite  the  house  of  tlie  latter, 
intending  to  close  it  after  his  neighbor's  property  had  bcien  destroyed ; 
but  the  v.-atcr  rushed  through  with  an  ticcelerating  force,  till  all  resistanco 
was  vain,  and  the  whole  country  became  deluged.  Tlic  ancients  were 
well  aware  of  this  accumulation  of  force  in  running  waters.  Allusions 
to  it  arc  very  common  ainonsr  the  oldest  writers,  and  various  maxims  of 
life  were  drasvn  from  it.  The  beginning  of  strife,  says  Solomon,  "  is  as 
when  one  lettelh  out  water" — the  "  breach  of  >vaters" — "  iireaking  forth 
of  waters" — "  rushing  of  mighty  watrrs,"  &c.  are  frequently  mentioned,  to 
in  licala  the  irresistable   influence  of  cesolal'ng  evils  when  once  admitted 

Tint  ihe  force  which  a  running  stream  thus  acjuircs  may  \tn  taaArn  te 
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drive  a  piirtlon  of  the  liquid  far  above  the  source  whence  it  flow6,  is  oLvi- 
ous  from  several  operations  in  nature.  During  a  storm  of  wind,  long 
swelling  waves  in  the  open  sea  alternately  rise  aiid  fall,  without  the  crcste 
or  tops  of  any  being  elevated  much  above  those  of  the  rest ;  but  wlieh 
they  meet  from  opposite  directions,  or  when  their  progress  is  suddenly 
arrested  by  the  bow  of  a  ship,  by  rocks,  or  other  obstacles,  ])iirt  of  thf 
water  is  driven  to  great  elevations.  There  is  a  fine  example  of  this  at  the 
Edilystone  rocks — the  heavy  swells  from  the  Bay  of  liiscay  and  from  the 
Atlantic,  roll  in  and  break  witli  inconceivable  fury  ui)on  them,  so  that  vo- 
lumes of  water  are  thrown  up  with  terrific  violence,  and  the  celebrated 
light-liouse  sometimes  appears  from  this  cause  like  the  j)ii)e  of  a  fountain 
enclosed  in  a  stupendous ^V/  d'cau.  The  light  room  in  the  old  light-house 
was  sixty  feet  above  the  sea,  and  it  was  often  buried  in  the  waves,  so  im- 
merse were  the  volumes  of  water  thrown  over  it. 

The  hydraulic  ram  raises  water  c.  precisely  the  same  principle  :  a 
quantity  of  the  liquid  is  set  in  motion  through  an  inclined  tube,  nnd  its  es- 
cape from  tlr-  lower  orifice  is  made  suddenly  to  cease,  when  the  momen- 
tum of  the  moving  mass  drives  up,  like  the  wav<>s,  a  portion  of  its  own 
volume  to  an  elevation  much  higher  than  that  from  which  it  descended. 
This  may  Iks  illustrated  by  an  experiment  familiar  to  most  people.  Sup- 
pose the  lower  orifice  of  a  tube  (whose  upper  one  is  connected  to  a  reser- 
voir of  water)  ur  closed  with  the  finger,  and  a  very  minute  stream  be  al- 
lowed to  escof  3  from  it  in  an  upward  direction — the  tinyjej  wouh?  rice 
nearly  to  the  surface  of  the  reservoir;  it  could  not,  of  coi'i-sc,  ascend 
higher — -but  if  the  finger  were  then  moved  to  one  side  so  as  ..o  al'jw  a 
free  escape  til!  the  whole  contents  of  the  tube  were  rapidly  moving  to  the 
exit,  and  the  onPce  then  at  once  contracted  or  closed  as  before,  the  jet 
■«'ould  dart  far  ab  rf  the  reservoir;  for  in  addition  to  the  hydrostatic  pres- 
»ure  which  drove  it  up  in  the  first  instance,  there  would  be  a  new  force 
acting  ujion  it.  derived  from  the  motion  of  the  water.  As  in  the  case  of 
a  hammer  of  a  few  pounds  weight,  when  it  rests  on  the  anvil  it  exerts  a 
pressure  on  the  latter  with  a  force  due  to  its  weight  only,  r  1 1  \\  hen  put 
in  motion  by  the  hand  of  the  smith,  it  descends  with  a  force  thrt  s  ecj.iiva- 
Icnt  to  the  press-ire  of  perlia])s  a  ton. 

Every  person  accustomed  to  draw  water  from  pipes  that  are  supplied 
from  very  elevated  sources,  must  have  observed,  when  the  cocks  or  dis- 
charging orifices  are  suddenly  closed,  a  jar  or  tremor  communicated  to  the 
pipes,  and  a  snap|>ing  sound  like  that  from  smart  l)lows  of  a  hammer.  These 
effects  are  produced  by  blows  wiiic.h  the  ends  of  the  pipes  receive  from 
the  water;  the  liquid  particles  in  contnct  with  the  plug  of  a  cock,  when  it 
is  turned  to  stop  the  discharge,  being  forcibly  driven  up  agninst  it  by  tho^e 
constituting  the  moving  mass  behind.  The  philosophical  instrument  named 
a  trafer  hammer  illustrat(;s  this  fact.  The  eftect  is  much  the  same  as  if  a 
solid  rod  moved  with  the  same  velocity  as  tlie  water  through  the  tube 
until  its  progress  was  stopped  in  the  same  manner,  except  that  its  mo- 
mentum would  be  concentrated  on  that  point  of  the  pine  against  which  it 
struck,  whereas  with  the  H/]uid  rod  the  momentum  would  be  communi- 
cated equally  to,  and  might  be  transmitted  from  any  part  of,  the  lower  end 
of  the  tube;  hence  it  often  occurs  that  the  ends  cf  such  pipes,  when  made 
of  lead,  are  swelled  gi-eatly  beyond  their  original  dimens.ons.  We  have 
seen  some  \  of  an  inch  bore,  become  enlarged  to  \\  inches  before  tlicy  were 
ruptured.  At  a  hospital  in  Bristol,  England,  a  plumber  was  employed 
to  convey  water  through  a  leaden  pipe  Irom  a  cistern  in  one  of  the  upper 
•lories  to  the  kitchen  below,  and  it  happened  that  the  lowe:-  end  of  the 
tubo  was  Virat  nearly  everv  lime  the  cock  was  used.     Afer  several  at- 
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tempts  to  remedy  tTie  evil,  it  was  tletermineJ  to  sol Jer  one  enil  of  a  ftmnlln 
pipe  immediately  hchiiui  the  cock,  and  to  carry  the  other  end  to  as  liigb 
a  level  as  the  water  in  the  cistern;  and  now  it  wiis  futind  thnt  on  shiuiiiij; 
the  cock  the  pipe  did  not  burst  as  before,  but  a  jot  ol'  considerable  Uciglit 
was  forced  from  the  upper  end  of  this  new  pipe  :  it  therefore  became  no- 
cessiry  to  increase  its  height  to  prevent  water  escaping  from  it — upon 
which  it  was  continued  to  the  top  of  the  hospital,  being  twice  the  hei^l 
of  the   supplying  cistern,  l)ut  where  to  the  grt-nt  surpi-ise   of  tliosc  whc 
c.')n«fructed    the  work,  some  water   still    issued  :  a   cistern  was  therefort 
placed   to  receive   this  water,  which  was  found  very  convenient,  since  it 
was  thus  raised  to  the  iiighest   floors   of  the  building  without  any  octii 
labor.  Here  circumstances  led  llie  workmen  to  the  construction  of  n  Wlllc^ 
ram  without  knowing  that  such  a  miirhine  had  been  previously  devised. 
Tiie  first  person  who  is  known  to  have  raised  water  by  a  ram,  desicncd 
for  the  p'jrpose  was,  Mr.  Wliitehurst,  a  walchmaker  of  Derby,  m  EiiglamL 
He  erected  a  matliine  similar  to  the  one  represented  by  the  next  figure, 
in  1772.     A  description  of  it  was  forwarded  by  him  to  tlie  Royitl  Society, 
and  published  in  vol.  Iv,  of  thoir  Transactions. 


No.  in.    WhiMbvnl'i  W>ter.R>m. 

A  represents  the  spring  or  reservtiir,  the  snrfnce  of  the  water  in  whicli 
was  'if  about  the  same  level  as  the  bottom  of  the  cistern  B.  The  »r»»t 
pipe  from  A  to  the  cock  at  the  end  of  C,  was  nearly  si.\  hundred  fvi  t  m 
length,  and  one  and  a  half  inches  bore.  The  cock  was  sixteen  feet  below 
A,  and  furnished  water  for  the  kitchen  offices,  &c.  When  it  was  opened 
the  liquid  column  in  A  C  was  put  in  motion,  and  acquired  a  velocity  due 
to  a  fall  of  sixteen  feet;  and  as  soon  as  the  cock  was  shut,  the  momentum 
of  this  long  column  opened  the  valve,  upon  which  part  of  the  water  rushed 
into  the  air-vessel  and  up  the  vertical  pipe  into  B.  This  effect  took  place 
every  time  the  cock  was  used,  and  as  water  was  drawn  from  it  at  short 
intervals  for  household  purposes,  "  from  morning  till  night — all  tlie  davs 
in  the  year,"  an  abundance  was  raised  into  B,  without  any  exertion  or 
expen.se. 

.Such  was  th<?  first  water-ram.  As  an  original  device,  it  is  higlily  honor- 
able to  the  sagacity  and  ingenuity  of  its  autbor;  and  the  introiluctinn  of  ao 
air  vessel .  wt)iout  which  all  apjiaratus  of  the  kind  could  never  be  madft, 
durable,  strengthens  his  claims  upon  our  regard.  In  tliis  machine  he  ha* 
shown  that  the  mere  act  of  drawing  water  from  long  tubes  for  crdinaiy, 
purposes,  may  servo  to  raise  a  portion  of  their  contents  to  a  higher  level; 
an  object  that  does  not  appear  to  have  been  previously  attempted,  or 
even  thought  of.  The  device  also  exhibits  au'Ulier  mode,  besides  that 
by  pressure  engines,  of  deriving  motive  force  from  liquids  thus  drawn, 
and  consequently  opens  another  way  by  which  the  immense  power  ex-, 
pcnded  in  raising  water  for  ihe  supply  of  cities,   may   again  be 
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<»i/l  with  t^e  liquid  from  the  Intoiol  pipes.  N<»twidiRUndiiig  f  le  advon 
taffcs  derived  from  3uch  an  appitratus,  under  circuinstanccj  similar  to 
tliose  indicated  by  the  fitcure,  it  does  not  appear  lo  havi;  clicUed  the  at- 
tention of  enffineers,  nor  Joe^  Whitehurst  himself  soein  to  have  been  aware 
of  iti  adaptation  as  a  substitute  for  forcing  j'^inps,  in  locations  where  the 
water  drawn  from  the  cock  was  not  required,  or  could  not  be  used.  Had 
he  pursued  the  subject,  it  is  ])robable  tlie  idea  of  opeiiL  ^  and  closing  the 
cock  (by  menns  oi'the  water  that  escaped)  with  some  ich  ajiparaius  as 
figured  in  No.  IGO,  would  ha»'e  occurred  to  him,  auc'  then  liis  machine 
beinsr  madj  self-acting,  would  have  been  applicable  .  i  a  thousand  loca- 
tions. But  these  additions  were  not  made,  and  the  cc  vecpjence  was,  that 
the  invetition  was  neglijcted,  and  but  for  the  one  nexv  'o  be  described,  it 
vould  most  likely  have  passed  into  oblivion,  like  ».*■«  steatn  machines  of 
Branca,  Kircher,  hnd  DecauB,  till  called  forth  by  t''ie  application  of  the 
MOW  principle  in  more   recent  devices. 

Wlienever  we  penise  accounts  oi  llie  labors  of  ingenious  men,  in  search 
of  new  discoveries  in  science  or  the  arts,  sympathy  leads  us  to  rejoice  at 
tfceir  inrcess  and   to   grieve  at  tlieir  failure  :  like  the  readers  of  a  well 
wrilieri  novel  who  enter  into  the  views,  feelings  and  hopes  of  the  hero; 
f«ii?.eiiis  dUiippointmenls,  partake  of  his  pleasures,  aiid  become  interested 
In  his  fiiie  ;  hence   some;hifjj'  like  regret   comes  over  us,  when  an  indus- 
trious exDermenter,  led  by  his  resciirrhes  to  the  verge  of  an  important 
Jlsoovery,  is,  by  some  circumstance  diverted  (perhaps   temporarily)  fiom 
'I;  and  a  more  fortunate  or  more  sagacious  rival  steps  in  and  bears  off  the 
piiic  from  his  grusp-^a  prize,  which  a  few  steps  more  would  have  put 
kit)  in  possession  of.     Thus  Whitehurst  with  the  water-ram,  like  Papin 
*itJi  the  steam-engine,  discontinued  his  researches  at  the  most  interesting 
point — at  the  very  turning  of  tlie  lido  that  would  have  curried  him  to  the 
eoal ;  and  hence  the  fruit  of  both  tlieir  labors  has  contributed  but  to  en- 
Dance  the  fjlory  of  their  successors. 
I     Tf.e  BUirr  fiyilrauliqur  of  Muiitgolfier  was  invented  in  1796.     (\xn  aii- 
Ithor  was  a  French  paper  maker,  and  the  same  gentleman  who,  in  crijunc- 
n'on  with  his  brother,  invented  balloons  in   1782.)     Although  it  is   m  the 

trinciplc  of  Whitehurst's  machine,  its  invention  is  believed  to  ha^"*  been 
nfirely  iruic  p.-ndent  of  the  latter.  Rut  if  it  were  even  admitted  that 
M'lnfgolfit'r  was  tvcoiiainted  with  what  W>ite}nirst  had  done,  still  he  ha.-*, 
by  bis  improvements,  made  the  ram  entirely  bis  own.  He  found  it  a 
Comparatively  useless  ilcvice,  and  he  rendered  it  one  of  the  most  efficient 
p— it  W!is  tieglecteo  o'  forgotten,  and  he  not  only  revived  it,  but  gave  it  a 
permanent  place  aniong  hydraulic  machines,  and  actually  made  it  the 
post  interesting  of  them  all.  It  was,  previous  to  his  time,  but  an  embiyo: 
trhen,  like  another  Prometheus,  he  not  only  wrought  it  into  shape  and 
feauty.  but  imparted  to  it,  as  it  were,  a  principle  of  life,  that  rendered  ii« 
kiovements  nff/'-acting  ;  for  it  requires  neither  the  attendance  of  man,  r;  r 
^y  thing  else,  to  keep  it  in  play,  but  the  momentum  of  the  water  it  le 
Employed  to  elevate.  Like  the  organization  of  animjd  life,  and  the  me- 
ihani.«m  by  which  the  blood  circulates,  the  pii!sali(uis  of  this  adiniralile 
Inachinc  incessantly  continue  day  and  night,  for  months  and  years;  while 
liothing  but  a  defioiency  of  the  liquid,  or  defects  in  the  a()]iarafu3  can  in- 
Juce  it  to  stop.  It  is,  compared  to  Whitehursl's,  what  the  steam-engine 
>f  Watt  is  to  that  of  Savary  or  Newcomen. 

"i.intgolfier  positively  denied  having  borrowed  the  idea  from  any  one— - 
fe  ulttimed  the  invention  as  wholly  his  own,  and  there  is  no  reason  whai- 
fver  to  question  his  veracity.  The  same  discoveries  have  often  been,  ana 
mp''«»  in  the  same  and  in  distant  countries,  inde[inn<ii3tly  •  ;'  eaci 
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ot.lipr.     It  is  a  fotnmon  occurrence,  unci  from  die  conitUutInn  of  the  WJ 
miirifiiiliid  will  always  be   one.      A  patent  was  taken   out   in  £ng'ttiul  fori 
»clt-acling  rams  in  1797  by  Mr.  Botilton.  tlio  partner   of  Watt,  and  as  no  I 
reference  was  made  in  ibe  specification  to  MontgoUier,  many  persons  tmir  I 
gined  tliem  to  be  of  English  origin,  a  circura*tance  that  elicited  scmer»-j 
marks  from  their  author.     "  Cettt:  invention  (says  Montgolfier)  n'est  poinil 
d'origine  Anglaise,  elle  appartienf    toute  enlierc  ii  la  France  ;  je  declare  j 
que  j'en  suis   le   seul  invenleur,  et  que  I'idee  ne  m'cn  a  ete  fuurnic 
persotme;  il  est  vrai  qu'un  de  mes  amis  n  fait  passer,  arec  moii  iigrdmcnt,] 
a  MM.  Watt  et  Boullon,  r.o[Mc  de   plusieurs  dcssint  que  j'uvais  finu  dfl 
cetle  machine,  avec  un  raeraoire  tletaille  sur  ses  applications.      Ce  smut  ffll 
tiiimis  tlfjsirs  qui  ont   f'te  Hdelement  copies  unns  la  putente  priiw  [tor  M<J 
Bwilton  li  l^onJres,  en  date  du  HJ  Decemnre  1797;  ce  qui  est  uhh  veritii 
dont  il  est  bien  eloign^  de  disoonvenir,  oinsi  que  le  respectable  M.  W'bil" 
We  have  inserted  this  extract  from  Hachette,  because  we  really  suj^ptned 
on  reading  the  specification  of  Boulton'b  patent  in  the  Repertorv  of  Art*, 
(for  1798,  vol.  ix.)  that   the  various   modifications  of  the   r-vm   there  «W 
eribed  were  tlie  invention  of  that  gentleman.     The  patent  was  i^nted  IP 
"  Malthew  Boulton,  for  /(M  invention  of  improved  apparatus  aiid  niellMili 
for  raising  water  and  other  fluids." 


i 

il 


li^ 


Ro.  168.    MootfolAw't  Kam. 


N«  :6S.    Th  •  ma  i. 


No.  168  represents  a  simple  form   of  Montgolfier's  ram.     The  motiv 
column  de.<ceiids  from  a  spring  or  brook  A  through  the  pipe  B,  near  ths 
eiiil  of  which  an  air  chamber  D,  and  rising  main  F,  are  alt-ached  to  It  as 
shown  in  the  cut.     At  the  extreme   end  ol    B,  the   orifice  is  opened   an4 
c'oscd  by  a  valve  E,  instead  of  the  cock  in  No.   167.     This  valve   open* 
''-.v.'nwards  and  may  cither  be  a  spherical  one  as  in  No.  168,  or  a  common 
spina'e  one  as  in  No.  169.     It  is  the  play  of  this  vnlve  that  renders  the 
mach'.ne  self-acting.     To  accomplish  this,  the  valve  is  made  of,  or  loaded 
with,  sach  a  weight  as  just  to  open  when  tJie  water  in  B  is  at  rest ;  i.  e.  il 
muc.  be  so  heavy  za  to  overcome  the  pressure  against  its  under  side  wbea 
closed,  r,-\  represeriteil  at  No.  169.     Now  suppose   this  valve   open  as  ii 
ITo.  IC-u,   he  water  flowing  througli  B  soon  acquires  an  additional  fo: 
ilia*  :;..tes  up  the  valve  against  its  seat ;  then,  as  in  shutting  the  cock 
Whi^^rnirst's  raacViine,  a  [tortion  of  the  water  will  enter  and  rise  in  F,  t' 
valve  of  the  air  chamber  preventing  its  return.  When  this  has  taken  plai 
the  water  in  B  has  been  brouglit  to  rest,  and  as  in  that  state  ita  pressn 
is  insufficient  to  sustain  the  w«ig.it  of  the  valve,  E  open*;  (descends)  tl 
water  in  B   s  again  pat  in  m  lion,  and   again  it  closes  E  as  befoic.  wh« 
•notli^  portion  is  ilnven  into  the  air  vessel  and  pipe  F  ;  and   thu»  th« 
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•peratior  m  continued,  as  long  as  tJie  spring  oiTof  Js  a  sufficienl  supplj  and 
the  apparatus  reoituns  in  order. 

The  surface  of  tlic  waler  in  t)ie  spring  or  source  should  always  Ihj  kept 
•t  the  same  elevaiioo,  so  tliac  its  pressure  against  the  valve  £  may  always 
be  uniform — otlierwise  tlic  weight  of  E  would  have  to  be  altered  as  the 
■urface  of  the  spring  rose  and  fell. 

This  beautiful  machine  may  be  adapted  to  numerous  locations  in  every 
country.  When  the  perpcntiicular  fall  from  the  8]iring  to  the  valve  E  is 
but  a  few  feet,  and  the  water  is  required  to  be  raised  to  a  considerable 
huitrht  tlirough  F,  then,  tlie  length  of  llie  ram  or  pi])e  B,  must  be  in- 
creased, and  to  such  an  extent  that  tire  water  in  ii  is  not  forced  back  into 
the  spring  when  E  closes,  which  will  always  be  the  case  if  B  is  not  of 
sufficient  length.  Mr.  Millinglon,  who  erected  several  in  England,  jtistly 
observes  that  a  very  insigiiincant  pressing  column  is  capable  of  raising  a 
»ery  high  ascending  one,  so  that  a  sufficient  fall  of  water  may  be  obtained 
in  almost  every  running  brook,  by  damming  the  upper  end  to  produce  the 
•eservoir,  and  carrying  the  pipe  down  the  natural  channel  of  the  stream 
until  a  sufficient  fall  is  obtained.  In  this  way  a  ram  ha«  been  made  to  rai»e 
one  hundred  hogsheads  of  water  in  twenty-four  hours  to  a  perpendicular 
height  of  one  hundred  and  thirty-fnur  feet,  by  a  fall  of  only  four  ieel  and 
a  half  M.  Fischer  of  SchalThausen,  constructed  a  water-ram  in  the  form 
of  a  lieitiitifiil  antique  altar,  nearly  in  the  style  of  that  of  Esculapius,  as 
represented  in  various  engravings.  A  basin  about  six  inches  in  depth,  and 
from  eigliteen  lo  twenty  inches  in  diameter,  received  the  water  that  I'ormed 
llie  motive  column.  Tiiis  water  Howed  through  pipes  three  inches  in  di- 
ameter that  descended  in  a  spiral  form  into  tlio  base  of  the  allor  ;  on  the 
Talve  opening  a  tliird  of  the  water  escaped,  and  the  rest  was  forced  up  to 
a  castle  several  hundred  feet  above  the  level  of  ihe  Rhine. 

A  long  tube  laid  along  tlio  edge  of  a  rapid  river,  as  the  Niagara  above 
the  fidls,  or  die  Mississippi,  might  thus  be  used  instead  of  pumps,  water 
wheels,  steam-engines  and  horses,  to  raise  the  water  over  the  highest 
banks  and  supply  inland  towns,  however  elevated  their  location  might  be; 
•nd  there  is  scarcely  a  farmer  in  the  land  but  who  might,  in  the  absence 
nt  other  sources,  furnish  his  dwelling  and  barns  with  water  in  the  same 
way,  from  a  brook,  creek,  rivulet  or  |>ond. 

If  a  ram  of  large  dimensions,  ond  made  like  No.  lOS,  be  ^aed  to  raiaci 
water  to  a  great  elevation,  it  would  be  subject  to  an  inconvenience  tf  at  1 
trould  soon  destroy  the  beneficial  effect  of  the  air  chamber.  When  speeJc- 
ingfif  llie  air  vessels  of  fire-engines,  in  the  third  book,  we  observed  thai  if 
■ir  be  subjected  to  great  pressure  in  contact  with  m  aler,  it  in  tinu;  lie- 
comcs  incorporated  with  or  absorbed  by  the  latter.  As  might  be  supposed,"^ 
the  same  thing  occurs  in  water-rams ;  as  these  when  used  are  inces- 
santly at  work  both  day  and  night.  To  remedy  this,  Montgolfier  ingeni- 
ously adapted  a  verv  small  valve  (opening  inwards)  to  the  pipe  bencalii  t!ie 
air  chamber,  and  which  wa.i  opened  and  shut  by  the  ordinary  action  of  the 
machine.  Thus,  when  the  flow  of  the  water  through  U  is  suddenly  stop- 
ped by  the  valve  E,  a  partial  vacuum  is  produced  immediutnly  below  the 
air  chamber  by  the  recoil  of  the  water,  at  whicli  instant  tlie  small  valve 
opens  and  a  portion  of  air  enters  and  supplies  tliat  whicli  tire  water  ab- 
sorbs. Sometimes  this  snipine  valve,  as  it  has  been  named,  is  ajii[)led  to 
another  chamber  immediately  below  that  which  forms  the  reservoir  of  air, 
a«  lit  f^  in  No.  169.  In  small  rams  a  sufficient  supply  is  found  to  enter  at 
the  valve  E. 

Although  air  chambers  or  vessels  are  not,  strictly  speaking,  constituent 
clemejits  of  waier-rums,  they  are  indistieusable  to  the  permanent  operadon 
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of  th«se  machines.  WitMRut  them,  tiie  pipes  would  soon  be  ruptured by< 
violent  concussion  const"i|uenl  on  tlie  sudden  sloppa^  of  the  efflux  of 
motive  column.  They  perform  a  similar  part  to  that  of  the  bags  of  wdol. 
Mrhich  the  ancients,  when  besieged,  interposed  between  their  wiuls  and 
battering  rams  of  the  besiegers,  in  order  to  break  the  force  of  the  bloW! 

The  ram  has  also  been  used  in  a  few  cases  to  raise  water  by 
pheric  pressure  from  a  lower  level,  so  aii  to  discharge  it  at  the 
with  the  motive  column  or  even  higher.     See  Sijt/ion  Jiam,  in  next 

The  device  by  which  Montgolfier  made  the  ram  self-acting,  u  one 
the  neatest  imaginable.  Ii  is  unique  :  tJiere  never  was  any  thing  like 
in  practical  hydraulics,  or  in  the  whole  range  o(  the  arts  ;  and  its  aimpla 
city  is  equal  to  its  novelty,  and  useful  effects.  Perhaps  it  may  be  said 
he  only  added  a  valve  to  Whltehurst's  machine  :  be  it  so — but  that  Ml 
pic  valve  instantly  changed,  as  by  magic,  the  whole  character  of  tlw 
puratus — like  the  mere  change  of  the  cap,  which  transformed  the  hem 
Hakim  into  Saladin.*  And  the  emotions  of  CtEur  dc  Lion,  upon  finding 
his  great  adversary  had  been  his  physician  in  disguise,  were  not  more  e-t- 
quisitc  than  those,  which  an  admirer  of  this  department  of  philosophy  ex- 
periences, when  he  contemplates  for  the  first  time  the  metamorphosis  ol 
the  English  machine  by  the  French  Savan.  The  name  of  Montgolfier 
will  justly  be  associated  with  this  admirable  machine  in  future  ages, 
When  all  political  and  ecclesiastical  crusaders  are  forgotten,  and  (he  nK- 
mories  of  till  who  have  hewed  a  passage  to  notoriety  merely  by  the  swwixl, 
will  lie  detested — the  name  of  its  inventor  will  be  embalmed  in  tlie  recol- 
lections of  an  admiring  posterity. 

The  water  cane,  or  tanne  hydraulique,  raises  water  in  a  different  man- 
ner from  any  apparatus  yet  described.  A  modificarion  of  it  in  miniature 
hits  long  been  employed  in  the  lecture  room,  but  it  is  seldom  met  with  in 
descriptions  of  hydraulic  machines.     It  is  represented  at  No.  170 ;  and 

consists  of  a  vertical  tube,  in  out 
ward  appearance  like  a  walkin 
cane,  having  a  valve  opening  op 
wards  at   the  bottom,  and  plar 
in  the  liijuid  to   be   raised.     !Suil 
pose  the  lower  end  twelve  or  I 
teen  inches  below  the  surface, 
water    of    course    would     enw 
through  the    valve  and   stand 
the  same  hoiglit  within   ng  w'nb 
out :  now  if  the  tube  were  rsis 
quickly,  but  not   entirely   out 
the  water,  the  valve  would  cln 
and   the  liquid  witliin  would 
carried  up  with  it ;  and  if,  whe 
the  tube  was  at  the  highest  poin 
of  the  stroke,  its  motion  was  tmi- 
denli/  rcicrurd  (by  jerking  it  backh 
tlie  liqtiid   column  within  wool/ 
still   continue  to  ascend  until 
momentum   imparted   to  it  at  I 
first  was  expi-nded  ;  hence  %  vt 
cuity  would  be  left  in  the  Iowa 
part  of  the  instrument  into  wh 
a  fresh  portion  of  water  would  enter,  and  by  repenting  the  operation 
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be  would  become  (illcJ,  and  a  jet  of  water  would  then  he  thrown  t'rom 

e  upper  orifice  at  every  stroke.    This  eRoct  obviously  depends  upon  the 

pidity  with  wliich   the   instrument  is  worked,  i.  r.  a  sutficient  velocity 

ust  be  given  to  the  water  by  the  upward   stroke  to  prevent  it  descend* 

g,  till  tlie  tube  again  reaches  the  lowest  point,  and  consequently  receives 

lother  supply  of  water.    The  instrument  should  be  stralrrht  and  the  bore 

looth  and  uniform,  that  the  li<|uid  may  glide  through  with  the  least  pos- 

■ble  obstruction.     As  its  length  must  be  equal    to   the  elevation  to  which 

water  is  to  be  raised,  it  is  necessarily  of  limited  application,  and  esjic- 

Rally  so  since   the  whole  (bot}i  water  and  apparatus)  has  lo  be   lifted  at 

.^•ery  stroke — not  merely  tlie   liquid  that  is  discharged,  but  tlie  whole 

Dont^nts  of  the  machine. 

By  making  the  upper  part  of  the  tube  slide  within  another  that  is  fixed, 
I  short  part  only  of  the  apparatus  might  then  be  moved,  and  by  connect- 
ne  an  air  chamber  as  in  No.  171,  a  continual  stream  from  the  discharging 
tnlice  might  be  produced.  A  stuffing  box  should  be  adapted  to  the  end 
of  the  fixed  tube.  Hachette  suggested  the  application  of  a  spring  pole 
like  tliose  used  in  old  lathes)  to  communicate  the  quick  rec  iprocating  mo- 
tion which  these  machines  require. 

No.  172  represents  another  form  of  the  instrument.  Two  spiral  tubes 
toiled  round  in  opposite  directions  are  sectired  to  and  moved  bv  a  verti- 
cal shaft.  Their  upper  ends  arc  united  and  terminate  in  one  discharging 
Kifice;  tlie  lower  ones  are  enlarged,  and  each  has  a  valve  or  clack 
opening  inwards  to  retain  the  water  that  enters.  By  means  of  the  handle 
h,  wliich  is  mortised  lo  the  shaft,  an  alternating  circular  motion  is  im- 
lartcd  to  the  wliole.  and  the  water  thereby  raised  through  these  coiled 
ubfs  on  precisely  the  same  principle  as  through  the  perpendicular  ones 
uct  described.  Thus,  wlien  the  handle  is  moved  either  to  the  right  hand 
br  to  the  left,  one  valve  doses,  and  the  water  within  receives  an  impulse 
Jiat  continues  its  motion  along  the  tube  after  the  movement  of  the  latter 
■  reversed  ;  and  by  the  lime  its  momentum  is  expended  a  fresh  portion 
■if  water  has  entered  that  pre\ents  its  return.  In  this  manner  all  the  coils 
lecome  filled,  and  then  every  additional  supply  that  enters  below  drives 
Jefore  it  an  equal  portion  from  the  orifice  above.  This  machine,  there- 
ore  differs  from  Nos.  170  and  171  only,  in  being  adapted  to  a  horizon- 
lid  instead  of  a  perpendicular  movement.  Each  lube  in  the  figure  forms 
k  distinct  machine,  and  should  be  considered  without  reference  to  the  other 
Their  discharging  orifices  are  united  to  show  how  a  constant  jet  may  be 
•roduced.  By  making  the  upper  part  turn  in  a  slufliing  box  in  the  bottom 
if  a  fixed  tube,  as  in  No.  171,  water  might  then  be  raised  higher  than  the 
movable  part  of  the  apparatus. 

That  property  by  which  all  bodies  tend  to  continue  either  in  a  slate  of 
test  or  motion,  viz :  inertia,  increases  the  effect  of  these  machines,  fi)r  when 
jtixe  momentum  imparted  to  the  liquid  in  the  tubes  is  cxlmusied,  inertia 
klooe  prevents  it  from  instantaneously  flowing  back,  and  hence  there  is 
Brno  for  an  additional  portion  of  water  lo  enter  at  the  valve.  'I'he  action 
)f  the  canne  hydrauliqite  is  similar  to  that  by  which  persons  throw  water 
O  a  distance  from  a  bucket,  or  a  wash-basin.  Tlie  momentum  given  to 
these  vessels  and  their  contents  carries  the  latter  to  a  distance,  while  the 
lormer  arc  held  back  or  i^tained  in  the  h;inds.  Coals  are  thus  thrown  from 
fc  scuttle,  earth  from  a  shovel,  and  it  is  the  pame  when  a  traveler  on  a 
Ballopiug  horse,  or  when  drawTi  furiously  in  nn  open  rarriage,  continues 
bn  his  journey  after  tlic  animal  suddenly  stops — his  a<ll!e8ion  lo  his  sett, 
bot  being  sufficient  to  resist  the  motal  inertia  of  his  body. 
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Mw  hlDM  n>r  raifinf  wattr  by  lira :  Air  niHhiiM*— Aaelaal  waathm^gUnn— Dilaution  of  titVf 
feud  C(  iidciunUou  by  cold — Aocieot  Egyptiau  air-inochio«a — Suiue  of  McfunoD — ^tutur*  ofScopa  m4\ 
iha  Mud  of  Momiian — Dccaua'  and  Kircber'*  luMrbioerjr  to  accouitl  for  iha  iiouod«  orthr  Thebu  Id 
RiMU3rk»  ou  Ibc  Stalar  of  Mcmnoit — Muchiiin  Tor  r»i%iug  water  by  the  «uu*p  hRal,  from  Mrron — Siaibtj 
lUBcIiinas  lu  Ibe  ■ixtocuth  ceulury — Air-machiDpi  tiy  Porta  and  D«caua — Outilllnf  by  Iha  tuii'f  ho^-  Mi 
•ical  air  mnchiiiflii  by  llrebbla  aiul  t><>coufr^Air  oiachinr*  uclod  oa  by  ordinary  fire— ModiftrahMO*  (tf  Ihiv' 
eiu|iloycd  in  anciriil  altar* — Brouxa  altars— Trickt  prrfornHMl  by  Ibe  heatbrn  pricttj  with  Ara— ^havl 
by  beulod  air  and  vapor — B«IIo«a  employed  in  ancirut  altar* — Trickt  perforiurd  at  altari  iiiiiilliiaiiHj 
Huron — Altar  tbal  fcoda  ilfrlf  with  llamo,  from  Heron — tuf  eoutty  diaplayed  by  anciobl  piiaiO  ftaiif 
or  tbo  teinpiR* — 'rbo  Splrltalia — Sketch  nf  it*  cunlenia— Cariou*  Luktral  Vaaa. 

A  sepnrate  book  might,  witli  jiropritny  have  ))een  dcvoteil  to  mBckni!< 
which  raise  water  lliroiigh  tubes  by  meiins  of  the  weight,  pressure,  mo- 
mcntum,  or  other  natural  properties  of  litjuitls,  without  the  necess»ry  id- 
tervention  of  wheels,  crunks,  levers,  &c.  With  such,  those  now  tn  be 
Juscribcil  might  also  have  been  clusscd,  since  they  too  require  neither 
externiil  machinijry  nor  force.  They  iliffer  however  from  preisure- 
engines  and  water-rams,  and  cve.ry  other  device  yet  noticed,  in  bringiog 
into  action  a  new  element,  viz.  /ivat  nr  Jire.  It  is  by  this  that  tlie  force 
upon  which  their  movements  depend  is  generated,  viz.  in  the  expansiM 
of  elastic  fluids.  Tliore  are  two  kinds  of  these  machines  which  differ  ic- 
cording  to  the  fluid  mediurn  upon  which  the  fire  is  made  to  act.  In  »onie 
this  is  common  <tir,  '\n  others  steam  or  va|)or  of  water,  and  sometimes  botJi 
Bteam  and  air  have  bean  employeil.  The  present  chapter  is  appropriatiMl 
to  air  miichint!9.  These  might  be  divided  into  two  classes,  according  ui 
the  nature  of  the  hciit  employed  ;  in  some  tliis  is  derived  from  the  sun; 
in  others,  fr.im  onjinary  fire.  Those  in  each  class  might  also  be  arrang- 
ed according  to  that  property  of  the  air  upon  which  their  action  depends, 
via.  1.  tht)  force  developed  by  its  expansion ;  2.  the  vacuum  Cirmcd  by  in 
condensation  ;  3.  those  in  which  both  are  combined.  The  first  might  bo 
compared  to  forcing  pumps,  the  second  to  sucking  or  atmospheric  odm, 
and  the  third  to  those  which  both  suck  and  force  up  the  water. 

It  was  observed  in  the  second  book  (page   176)  that  all  gases  or  ai.'J 
are  expanded  by  heat  and  contracted  by  cold.     A  proof  of  this  is  affordeil 
by  tlie  usual  mode  of  employing  cupping-glasses  ;  a  minute  piece  of  cot- 
ton nr  sponge  dipped  in  alcohol  is  inflameii  and  placed  in  a  glass;  u[Kiti 
which  the  air  becomes  diliited  or  increased  in  bulk,  so  that  a  great  part 
is  driven  out  to  make  room  for  the  rest;  the  mouth  of  the   instrument  i» 
tln^n  applied  to  the  place  from  which  bluod  is  to  be  withdrawn;  the  Oatnc 
the  cotton  is  thereby  extinguished  and  as  tie  remaining  air  becomes  ci 
it  cannot  resume  its  previous  stnte  of  density,  and  consequently  a  vacuiu 
or  void  is  left  in  the  glass.     Plumbers  sometimes  make  small  square  boxi 
of  sheet  lead  ;  and  on  soldering  in   the   covers   the  temperature  of 
conuiined  air  is  so  greatly  increased,  that  before  the  soldering  is  compK'ti 
a  large  portion  is  exjielled,  and  when  the  boxes  become  cool  every  «ii 
ia  found  slightly  collapsed.     This  result  is  the  reijuircd  proof  of  thu 


DUatabiltti/  of  Air  hy  Heat. 


S79 


*f\i  being  fight  Now  it  is  clear  that  if  a  communication  ^as  opened  h^ 
4  tube  between  the  interior  of  one  of  these  Wixcs  and  a  vessel  of  water 
placed  a  few  feci  below,  tlial  the  liquid  would  be  forced  into  it  (bv  the 
itmosphere)  until  the  contained  air  occupied  no  greater  space  than  it  did 
before  any  part  was  driven  out  by  the  heut.  This  mode  of  raisiiii»  li(|uidl 
may  be  illustrated  at  llie  tea-table  :  Let  a  saucer  be  half  filled  with  cold 
water,  hold  an  inverted  cup  just  over  it  and  apply  for  a  moment  a  small 
Bli[>  of  lighted  paper  to  tlie  interior  of  the  cup,  drop  the  paper  on  tho 
water  and  cover  it  with  the  cup.  \\  lien  the  li-iuid  contents  of  the  saucer 
will  be  instantly  forced  u|)  into  the  inverted  vessel. 

If  an  inverted  glass  siphon  be  partly  filled  with  wn^cr  and  the  orifice 
.<t  one  leg  be  then  closed  and  that  leg  Ije  held  to  the  fire,  llie  air  expand- 
ing will  drive  out  the  liquid  and  cause  it  to  ascend  in  the  other  leg. 
Several  philosophical  inslrumonLs  illustrate  the  same  tiling.  Previous  to 
the  discovery  of  atmospheiic  pressure  and  the  invention  of  the  barometer, 
the  ex|>ansion  of  air  by  heat  was  tiie  principle  upon  which  the  ancient 
weatlter  glasses  were  constructed.  They  were  made  in  great  variety. 
Tlic  simplest  consisted  of  a  glass  tube  having  a  bulb  blown  on  the  closed 
*i»d.  It  was  held  over  a  fire  to  dilate  the  air,  and  the  ooen  end  waa 
llicn  plunged  into  a  vessel  of  water.  Its  construction  was  the  same  as  the 
mralern  barometer.  Variatiims  in  the  tcmpcr.iture  and  dvnsity  of  the 
atmofplicre  caused  the  water  to  rise  and  fall  in  the  tube,  as  the  contained 
air  w»3  dilated  and  contracted,  and  thus  changes  In  the  weather  were 
indicated.  From  these  instruments  the  barometer  received  its  former  name 
of  "  the  weather  glass.'"* 

The  degree  of  elevation  to  which  water  can  be  thus  raised  depend* 
upon  the  temperature  to  which  the  contained  air  is  subjected  ;  its  dilatation 
•r  incretue  of  bulk  lacing,  according  to  some  authors,  in  common  with 


•The  following  eimict  Tmin  a  book  published  ten  years  before  the  discovery  of  at- 
HMMplivric  pre<<iirc.  nmy  iiitvreol  •uiiio  render.^.  Allmiiizli  the  in«lriiiiieats  to  which  it 
refert  arc  no  longer  in  uve.  iJiey  oii^lit  uni  to  be  entirely  forgoltcii. 

"  A  wcatlirr-elaMe  i<>  n  striirliire  ofnl  the  lea't  two  glnaxes  [«  tube  mid  the  Teixwl 
cunt  1111111;^  lite  water]  M>fnetiiiie»  of  three,  tiiurK.  or  tiinre  lui  onca«ion  jferviitli,  incliiiiiii^ 
t  i)iiiiniity  of  water,  and  u  porcion  of  nyer  prnporciniiiible  ;  liy  who«e  cniiilvusucioa 
or  riiril'iclion  Ihe  included  water  in  subjeci  iihio  a  cniitiiMinl  niociiiii,  rillicr  upward  or 
dnw-iiwani  :  by  which  morion  of  the  water  is  rnniuioiilv  ror«<liowii.  the  !«lale,  change, 
and  allerarioti  nf  the  weallier  : — for  I  i*peak  lui  more  Ihaii  wlinl  luv  (twii  experience  halh 
made  me  ImiM  to  alHrm  ;  ynii  mav  (liie  (iiite  of  the  year,  niid  tlie  liillnwing  ol>:«ervacions 
linderstiuidiiiilfly  coifiili-red)  hi^e  able  certainly  to  [iirelell  the  allerociou  or  Uliceruiint/ 
of  liic  weather  a  good  iiianv  hourf  hijf<ire  it  come  to  pa««. 

There  are  divem  wverali  fa«hion»  of  weniher-ela«»c«.  hut  principally  Iwo.  1.  The 
circular  glaive.  5S.  The  perpendicular  slanKe.  The  purpeiidii:iilar'<  are  eilher  single, 
double  or  treble.  The  tingle  perpeiidicularo  are  of  two  sort*,  either  fiil  or  iiioveuble: 
The  tikt  are  of  conlmry. 'iiintiiieH  ;  either  such  who-«e  included  water  doth  move  upward 
with  rold,  and  downward  with  beat,  or  el^e  upward  with  heat  and  dowiiwaid  Willi  cold. 
In  the  Houlfle  and  treble  perpeudiciilarx.  an  the  water  a^ceiideth  in  one.  it  deitceiideth  as 
inncli  or  more  in  t)ie  other.  In  the  iiioveahle  perpendicularK.  the  ginsae  being  arliticially 
huiced.  II  moveth  up  and  down  with  the  water." 

The  author  then  descriln.*  the  varioii*  kinds  nienlioned  and  tell*  hi*  reader  "  if  you  iIoB 
well  observe  the  form  of  ttie  tiirure-*  you  cannot  go  moH^e."  lie  al*o  gives  directioiw  for 
nuking  rohuired  wali-r  for  llie  luhe<.  such  a«  "  iiiny  he  both  an  ornament  to  ihe  work  and 
deleetzible  to  liie  eve."  Treatise  on  .\rl  and  Nature.  .A.  I)  |li^itor4.  8ee  accoiiiil  oj'thia 
^ok  page  M\.  A  modilicatinu  of  an  air-gla.si>  may  he  found  in  tlie  Forcible  .Moveiiienta 
of  HecaUi.  (piste  viii.)  which  he  names  on  Enginr  lluU  shnll  mure  of  itnetf  Lord  Racou, 
III  wbo#e  lime  these  air  classes  were  romiiion.  presented  what  appears  lo  have  been  an 
itoproveo  one  and  ol'hisown  invention,  i<i  the  Karl  of  Kssex.  who  it  is  said,  was  so  capti* 
rated  witl'  it  that  he  preseiilt.'d  the  donor  wilii  Twickenhaui  Park  and  its  sardeii.  as  a 
place  for  his  »Iiidies.  The  instruiiieiit  w;is  named  '  A  se<'rrJ  curiosity  of  natntr,  trlurrJ/y  la 
Icnutr  Ikt  staton  of  rrttf  huitr of  thr  ynir,  hyi  Pkibisouhical  Glut), piiced  ^irilh  u  siiniUprufof 
tumofxtaUi  ^iua  chamlcr.    .An  uccuuut  uf  Lord  uucon's  Worka,  Loodou.  lli7U. 
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other  pei-manctctly  clastic  fluijs,  in  a  gCDiticirica]  progression  lo  • 
crumeiits  of  liciu.  A  voliiinu  <.>f  uir  at  ordinary  temiJeinturcs  is  • 
over  one  third,  if"  raised  to  212^  Fahrenheit.  At  the  fusing  piiint<  i  Inj 
(about  600^)  it  is  more  tlian  doubled,  and  at  tlie  heat  of  liOO^,  ii  \ii.„1.; 
be  triplcid.  Let  a  small  ghiss  tube  be  attached  in  the  nock,  of  n  I 
flusk,  and  heat  both  in  boiling  water ;  if  the  end  of  the  tube  be  tlji ..  j..  ,i...j 
in  mercury,  the  latter  will  as  the  air  becomes  cooled  rise  in  die  luU\  to  tl* 
height  often  inches— equal  to  about  eleven  feet  of  water.  If  tJiry  were 
heated  to  COC  it  would  rise  to  fifteen  inches  ;  and  if  to  1 100^  to  twentr- 
one  or  two  inches.     We  have  connected  a  tube  to  the  mouth  of  j 

auart  bottle,  and  after  healing  the  latter  over  a  fire,  jilaced  tli' 
le  tube  in  mercury,  and  on  removing  the  whole  to  the  open  air,  iln-u  ti 
50-',  the  mercury  in  a  few  minutes  rose  to  sixteen  inches;  hence  nuW 
more  than  one  half  of  the  air  had  been  expelled  by  the  heat.  Tliese 
effects  take  place  when  the  enclosed  air  is  dri/ ;  but  if  it  be  moist,  or  if  i 
drop  or  two  of  wati-r  be  in  the  vessel,  the  results  are  greater,  ber^use  tLe 
vapor  of  the  liiiuld  would  alone  fill  or  nearly  fill  the  vessel  and  would 
drive  out  a  corresponding  quantiiy  of  air. 

This  mode  of  creating  a  vacuum  and  raising  water  by  tliedilatatioD  and 
condensation  of  air  is  now  seldom  used,  because  superior  results,  a*  iiut 
intimated,  are  obtained  from  steam  and  with  less  expense.  Air  machinct 
are  however  interesting  in  several  respects.  They  are  nmoug  the  earlicat 
examples  of  elastic  fluids  being  employed  as  a  moving  power,  induced  by 
alternate  changes  of  temperature.  They  constitute  the  first  link  in  thai 
chain  of  devices  that  has  tiow  terminated  in  the  steam  engine,  but  which 
will  probably  be  prolonged  through  iuture  ages  by  the  addition  of  crtn 
more  efficient  mechanism.  In  this  view  of  the  subject,  air  machini^  will 
connect  the  researches  and  inventions  of  antiquity,  in  tlie  development  and 
applications  of  the  most  valuable  because  most  pliable  of  all  motive  fore««, 
wth  every  improvement  future  engineers  may  make  to  the  end  of  time. 

The  oldest  air-machines  known  were  made  in   Egypt,  and    the  oldnt 
account  exranl  of  such  devices  is  also  derived  from  that  country,  viz.  from 
the  S^nriliilia.     It  is  also  worthy  of  remark  that  they   are  associated  hv 
Heron  with  other  devices  of  the  priesthood,  for  exciting  wonder  and  per- 
forming prodisries  before  the  people;   thus  affording  a  collateral  proof thu 
occupants  of  the  ancient  temples  at   Thebes,    Memphis  and    Heliopolis 
were  intimntply  acquainted   with  the  principles  of  natural   philosophy; 
and  fully  capable  of  leaching  those  who  flocked  to  them  for  infonnalioB, 
from    Greece   and    neighboring  countries.     There  is   a   circumstance  loc 
that  iiuiicates  a  more  thorough  and  j>rfu-ticai  ac/piaintance   with  the  ixic- 
chaiiiciil  properties  of  elastic  fluids,  and  the  means  of  exciting  those  pro- 
perties than  might  at  first  be  supposed,   viz.  in  the  substitution  of  the 
sun's  heat  for  that  of  ordinary  fires.      This  seems  to  have  been  adopted  in 
cases  where  the  miracle  to  be  wrought  could  not  be  accomplislied  by  ihn 
latter  without  il.inger  of  detection,  or  when   it  could    not    be  so  secretly 
effected,    or    could    not    be    performed    with    such    imposing  efu-ft.    Of 
this,    the    vocal    statue   on   the    plain  of  Thebes  is  an  examjile.     Tliil  gi- 
gantic idol  saluted  the  rising  sun  and  continued  to  utter  sounds  as  lon?a» 
the  solar  beiims  «ere  shed  over  it,  and  while  surrounded  by  the  mvnadi 
that  worshipped  at  its  shrine.     Now  these  sounds  were  produced,  arctir- 
ding  lo  Heron,  hy  the  dilatation  of  air,  or  by  vapor  evolved  by  the  sun'l 
heal  iVorn  water  contained  in  close  vessels,  that  were  concealed  in  or  con- 
nected  to  the   base   of  the   statue,  and   exposed  to  the  solar  rays.     The 
expanded  fluid,  it  is  supposed,  was  conveyed  thr...igh  lubes  whoi!»»  orl-tfll 
were  fashion  !d  lo  produce  the  required  sounds 
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Citm(>yso«  desirous  of  aRcertuning  tlie  concealed  mecSanism,  it  i»  sai  ' 
'  '  ill*  statue  from  Uie  head  to  the  middle.  Acconiing  to  some  wrilem 
'vcred  nothin<r;  while  others  mention  an  opinioii  |>revalent  among 
f)tlans  thai  the  image  previously  uttered  the  seven  mysterious 
.  liut  never  afterwards.  Stral)o  lias  recorded  a  tradition  liiat  the  in- 
jury was  caused  by  an  earth<|uake.  He  visited  Hgypt  in  the  Hrst  century, 
and  remarlcj.  that  carlyonc  morning  as  he  and  Gullus  the  prefect,  with  many 
tither  fiiends,  and  a  largo  number  of  soldiers  were  standing  by  the  statue, 
th<*y  he.ird  a  certain  sound,  but  could  not  determine  whether  it  cumr  from 
die  trunk  or  the  base  ;  there  was  however  a  prevailing  belief  that  it  pro- 
e«»?ded  from  the  latter  or  its  vicinity.  The  sounds  finally  ceased  in  the 
fourth  century,  when  Christianity  became  established  in  the  country. 
Some  authors  have  supposed  two  different  devices  were  employed  ;  one 
previous  to,  and  the  other  subsequent  to  the  mutilaliim  of  the  statue  ;  and 
llial  one  or  both  consisted  of  »]iriiigs,  See.  on  the  principle  of  some  of  the 
•peaking  heads  of  the  middle  ages.  Heron,  iiowever,  who  must  have 
De«u  fainiliur  with  the  image  and  the  sounds  uttered  by  it,  attributed  the 
Utter  to  air  or  vapor,  evolved  and  expanded  by  solar  lieat ;  so  that,  how 
ffver  we  may  speculate  on  the  subject,  in  his  o|)inion  the  I'haraonic  priest- 
hood were  well  acquainted  with  the  dilatation  and  contraction  of  airs  by 
heat  and  cold,  and  with  various  modes  of  ctnploying  them.  Moreover, 
the  movetnents  of  the  famous  siuiue  of  Serapis  and  also  those  of  the  Bird 
of  Memnon  (an  image  which  we  have  previously  mentioned)  were  also 
need  by  air  or  vapor  dilated  l>y  the  sun's  heat;  and  we  shall  present- 
c  that  tricks  on  the  same  principle  were  frequently  performed  at  an- 
il altars. 

ode'-n  expositions  of  the  mechanism  or  supposed  mechanism  of  the 
ban  Idol  ore  derived  from  the  Spiritalia.  That  of  Decaus  consists 
close  vessel,  of  the  form  of  a  pedestal,  having  a  partition  across  it  by 
h  two  air-tight  compartments  are  formed.  One  of  these  is  half  filled 
water  and  exposed  to  the  solar  rays — the  other  contains  air  and  to 
pper  part  are  connected  two  organ  pipes  or  reeds  that  cunununicalc 
the  statue.  A  communication  is  formed  between  the  two  compart- 
flKnts  by  a  siphon,  the  legs  of  which  are  inserted  at  the  top  and  descend 
nearly  to  the  Ujttom  of  each  compartment.  Thus  when  the  sun  warmed 
tin?  vessel  containing  water,  tlie  air  and  vapor  within,  became  expanded 
Mui  pressing  on  the  surface  of  the  liquid  forced  part  of  the  latter  through 
siphon  into  the  other  compartment,  by  which  a  corresponding  portion 
,ir  was  forced  through  the  organ  pipes.  A  figure  and  details  of  this 
ratus  form  the  23rd  plate  of  Decaus'  Forcible  Movements.  Pausa- 
and  some  other  ancient  authors  compared  the  sounds  to  those  produ- 
by  the  vibration  of  harp  strings;  and  Juvenal,  who  was  exiled  tn 
.•(>l  by  Domitian,  seems  to  have  been  of  the  same  opinion. 

-     -     -  wlien  the  radinal  lM>nii)  or  inorniniE  rings 

On  «liatter'd  Mfinnoii'«  still  lnu-inoniuiis  Mring!). — xv.  Sai. 

Jence  Kirchor  in  his  explanation,  instead  of  conveying  the  rarefied  air< 

»por  through  a  wind  instrument,  made  it  act  against   the   vanes   of  a 

el,  OS  in  Branca's  steam  machine,  and  as  the  wheel  was   thus   bhiwn 

nd.  a  number  of  pins  attached  to  its  periphery  struck  a  series  cf  wires 

nt:ed  as  to  receive  the  blows.     A  figure  of  this  device  is   inserted 

(Kilii>u.i  Aigyjitwcuii.     Rome,  1652,  Tom.  iii,  jinge  326. 

Whatever  ihe  device  was,  it  seems  to    have   been   as   admirable   in   its 

Bution  and  the  disposition  of  the  mechanism,  as  in  its  concepiioti.     We 

[not  certain  iliat  it  was  ever  fully  utideistood  except  by  the  priests  oi 
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the  mljoinlng  temple.     Tlie  Romiins  do  not  appear  to  have  ]ia<l  sulFicniii 
cuiiosiiy  to  give  it  a  criticiil  examination.     What  a  contrast  it  forms  uut 
some  modern  wonders !     These  have  puzzled  [)eople  only  whiln  wtimi- 
nation  was  prohibited — while  access  to  them  was  denied,  as  the  che»v 
player  of  Kempelen  ;   but  the  colossal  android  of  'J'hel)es  di-Ked  die  icnili- 
ny  of  the  world  through  unknown  periods  of  time.     In  it,  the  old  pricsta 
of  Egypt  have  sent  down  a  surprising  s]>ecimen  of  their  fJiill.     We  know 
from  tiic  Bible  that  they  had  a  profound   knowledge  of  Nnlural  Magic; 
i.e.  of  the  applications  of  science  to  purposes  of  deception,  and  this  slalue 
confirms  the  scri[)tural  account: — it  shows  us  what   an  amoii.it  of  lulwr 
and  ingenuity  was  expended   in  the   fabrication   oC  idols,   and   to  wlial  a 
prodigious  extent  the  ancient  .systems  of  delusion  were  carried — how  the 
very  magnitude  and  even  tuhlimili)  of  the  impostures  were  calculated  to 
bear  down  the  intellect  and  establish  an  unshaken  belief  in  the  conimunioa 
of  the  priests  with  the  gods. 

If  a  close  metallic  vessel  containing  water  be  exposed  to  the  sun,  the 
air  in  the  upper  jiart  will  become  dilated  by  the  heat  and  may  be  employ- 
ed to  raise  the  water:  for  if  a  ttibe  be  inserted  at  the  top,  and  the  lower  i 
end  reach  nearly  to  the  bottom,  the  elasticity  of  the  air  will  beex|M;nded  in  1 
forcing  the  rn|uld  up  the  tube  and  to  an  elevation  according  to  the  increase 
of  its  temperature.  A  device  of  tlii.s  kind  is  described  by  Uejou  which 
is  represented  in  the  annexed  cut 

On  the  lid  of  a  Ixtx  or  cis- 
torn  containing  water  is  placed 
a  globe,  also  partly  filled  witii 
the  same  fluid.  A  pipe  rises 
from  the  cistern  to  about  the 
centre  of  the  globe.  Another 
pipe  through  which  the  water 
IS  to  be  raised  proceeds  from 
near  the  bottom  of  the  glol>e 
and  terminates  over  a  vase  or 
cup,  which  communicates  with 
llie  cistern  as  represented. 
When  the  sun  1>eains  fiill  on 
the  globe,  the  air  witliin  is  ra- 
refied and  by  its  expansion 
forces  the  water  through  die 
pipe  into  the  vase,  through 
which  it  descends  agniii  into 
the  cistern.  When  the  sun  hoams  are  withdrawn  and  the  surface  of 
the  globe  becomes  cool,  a  partial  vacuum  is  formed  in  the  globe,  and  tiio 
pressure  of  tlie  atmosphere  then  drives  a  fresh  portion  into  it  from  the 
cistern  below  ;  when  it  is  again  ready  to  be  acted  on  by  the  sun  as  before. 
In  adiliiion  to  the  air,  at  lirst  contained  in  the  globe,  a  quantity  .  f  vapor 
or  low  steam  would  bu  evolved  by  the  hcnt  and  contribute  g-eafly  to  the 
result.  The  cistern  represents  an  open  reservoir  which  may  ue  nr  a  dio- 
tance  from  the  globe,  and  the  vase  merely  exhibits  the  place  of  discharge 
— having  no  necessary  connection  with  the  reservoir.  The  appa'-atus  as 
a  model,  is  figured  just  ns  philosophical  instruments  still  arc  Thus  in 
modern  books,  a  putnp  (for  example)  is  often  shown  as  discharging  water 
into  the  reservoir  from  which  it  raises  it.  We  make  these  remarks  be 
cause  some  persons  are  too  apt  to  consider  tliese  ancient  fipures  as  literal 
representations  of  working  machines,  whceas,  they  were  designed  merely 
tu  illusiraie  ihe  principles  upon  which  the  movements  depended;  auii  as 
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f»|H'rimcri5  from  which  others  fur  practical  |iurposcs  might  be  deiluceiL 
Ii  ia  i)uiie  a  common  remark  in  olJ  authors,  hIIlt  deBcribi'ig  a  device,  la 
obser^'e  that  various  machines  for  other  purjioses  may  be  derived  from  it, 
I  excuse  themselves  for  not  poiiiiitig  out  pariicular  modes  of  doin^  this, 
Mi.<u;  they  considered  them  too  oljvious  to  require  it. 
Whether  such  modes  of  raising  water  were  practised  in  Europe  previ- 
|ou8  to  tlie  sixteenth  century,  we  have  no  means  of  ascertaining;  but  in  the 
[middle  of  that  and  the  beginning  of  the  following  one  they  are  frequently 
'to  be  met  with  in  old  authors. 

Baptist  Porta,  in  his  Natural  Miigic.  after  describing  a  method  of  ra'«- 
ing  water  from  the  bottom  to  tlie  toj)  of  a  tower,  by  means  of  a  vacuum 
rformed  by  water  flowing  from  a  close  vessel  ; — next  proposes  a  mode  of 
I  »cconiplishing  the  same  object  "Z>y /tc./^  «f/«/if."  A  close  ves-sel  of  brass 
[■was  to  be  placed  u])on  the  tower,  having  a  pi]>e  connected  to  its  upper 
I  part  and  extending  down  to  the  water  to  be  raised  ;  the  orifice  being  a 
I  sliort  distance  below  the  surface.  The  vessel  was  Jian  "to  be  made 
Pilot  by  the  sun,  or  fire"  to  rarefy  the  contained  air  and  expel  a  jiortion  of  it 
"irough  the  pipe.  As  the  vessel  grows  cold,  he  observes,  the  remaining 
in-  is  condensed,  and  because  it  cannot  then  fill  the  vacuity,  "  the  water  is 
Icalled  in  ami  ascends  thither."*  (Book  xix.  chap.  3.)  He  does  not  rnen- 
rlion  the  hfigtit  of  the  tower  lH?cause  the  philosophers  of  that  age  had  no 
I  idea  that  tlie  elevation  to  which  water  would  ascend  into  a  vacuum  hdd 
any  limits — and  hence  in  anotJier  part  of  the  same  work  Porta  uses  tJio 
foUowiii'T  langunifc — "  A  vacuum  is  so  abhorred  by  nature  that  the  world 
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would  sooner  lie   pulled   asunder  than   any   vacuity   can   be    ndinitted." 

Book  xviii.  chap.  1.)     There  is  another  passage  in  tlie  5th  cliapler  of  the 
i9th  Book,  from  which  it  seems  that  lie  employed   the  elastice   force   of 

ir  or  steam,  or  a  mixture  of  both  as  in  No.  174 — and  generated  either  by 

ll.s  heat  of  the  sun,  or  by  that  of  lamps  or  candles,  as  shown  at  No.  1S9. 

After  describing  a  fountain  of  compression,  which  he  exhibited  to  some 

if  the  great  Lords  of  Venice,  and  the  operation  of  wliich  he  says  caused 
at  surprise  as  there  was  no  visible  cause  for  the  water  flying  so  high — 
lie  continues,  "  I  also  made  another  place  near  this  fouiitain  that  iH  in  light, 
and  when  the  air  was  extenuated,  so  Itmg  as  oni/  light  Imlfd  the  fountain 
tlirew  out  water,  which  was  a  tiling  of  much  admiration,  and  yet  but  little 
labor."      This  passage  is  probably  imperfectly  translated. 

No.  174,  on  the  next  page,  forms  the  !)th  plnte  attached  to  the  "  Forcible 
Movements"  of  Decaus.     (Translated  by  Leak,  London,  ICiO.)     It  cxhi- 

it«  an  extension  of  Heron's  machine  already  noticed,  (No.  173.)  Decaus 
Bays  "  this  engine  hath  a  great  effect  in  hot  places  as  in  Spain  and  Italy.' 
Four  air  tight  copper  vessels,  a  foot  square  and  S  or  9  inches  deep,  are 
so  amuiged  that  the  sun  may  shine  strongly  upon  them.  A  pipe,  having 
valve  o,  opening  upwards,  communicates  with  the  lower  part  of  each,  to 
supply  them  with  water  from  the  spring  below.  Another  pipe  passes 
over  the  upper  surfaces,  having  branches  which  descend  nearly  to  the  bot- 
tom of  each  vessel.  A  valve  is  also  placed  in  this  pipe,  from  the  upper 
end  of  which  the  jet  of  the  fountain  issues.  At  the  comtnoncement,  each 
vessel  is  about  one  third  filled  with  water,  through  oppninf,s  on  the  top, 
which  are  then  plugged  up.  "  Then  the  sun  ghiiiiiig  upon  the  said  en- 
gine shall  make  an  exjiression  by  rarefying  the  enclosed  air  and  force  the 
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wate.  to  fi>:w  out  a«  in  the  figiii  ;.     AnJ  after  the  heal  of  (lie  Jay  i»  p^^Ms 
rd  aiiu  ihe  xiifiht   sliall   come,  tiie   vessels  shall   draw   the   water  ol      vhe 
cistern  [spring]  by  the  pipe  unti  sucker  [lower  valve]  and  shall  till     "^'lie 
vesstla  as  belbte.      .......      And  you   must  observe  tlial  the  L  -^vo 

Bucktrs  [valves]  must  be  made  very  light  and  likewise  very  just,  so       at 
I  the  water  may  not  descend  by  them  after  it  is  raised." 


Na  174.    Air  MBctiine,  from  P««BUfl. 

An  iinjirovem(Mit  upon  the  precedint;  macliine  is  next  given  by  Deciiiis. 
The  form  of  the  vessuls  is  altered,  and  double  convex  lenses  or  "  burning 
glasses"  are  so  arratiged  on  their  covers  as  to  collect  "  tlie  mies  ol 
the  sun  within  the  said  vessels,  the  wliich  will  cuuse  a  great  heal 
to  tl»e  water,  uiiJ  by  that  means  make  it  spring  forth  with  E[reat  abun- 
dance, and  als^o  higher  if  it  be  recpiired."  (Jjee  the  fif>;ure  below.)  It  is, 
we  think,  in  llie  range  of  probability  that  the  iieat  of  the  solar  rays  roaj 
ym  be  applied  in  some  situations  to  raise  water  wiiii  effect 


No.  I7&     Air  tn^iitc,  irom  fpcaui. 

Whether  this  application  of  lenses  "  to  encrease  the  force  of  the  sun* 
in  air  engines,  was  a  device  of  Decaus,  we  know  noL     Tie  idea  how»'vei 
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kuld  natarally  occur  to  any  engineer  o!'  the  time,  engaged  on  ;he  im 
ivetnent  of  such  machines,  because  distilling  by  the  sun  both  with  len- 
aiid  without  thern  was  a  common  practice  with  chemists  in  that  oge 
Btni  some  centuries  betbi-e.      Baptist  Porta  described   the  process  in  the 
leiilh  book  of  his  Natural  MagiV,  and  observes  that  "  the  waters  extract- 
ed by  the  sun  are  the  best."     See  also  Maitmi  Rustique,  Paris,   1.574, 
page  211.      Kircher's   HunAui  Sublcrrtinevs,  Tom.  ii,   392.     Other   au- 
tiiors  also  describe  the  apphcation  both  of  convex   and  concave  lenses  to 
concentrate  the  solar  rays  on  distilling  vessels  ;  a  practice  probably  as  old 
as  the  time  of  Archimedes,  or  even   older.     We  give  an  extract  from  an 
English  translation  of  one  of  Gesner's  works,  who  died  in  1545. 

"  Further,  although  that  the  Chimistickc  authours  doc  teach  and  shew 
^^ivcrse  fashions  of  distilling  by   ascension,  yet  may   all  these   wares  bo 
^fkought  into  three  orders.     ..--....     The  first  manner  is,  when  wo 

^^islili  anie  liquide  substance  or  flowers  in  the  sunne  by  force  of  his  heate. 

.......   The  singular 

man  Adam  Lovcier,  in  his 
treatise  on  the  arte  of  dis- 
tilling,    settelh     forth     an 
easie   maner   of    distilling 
by  the  heate  of  the   sunne 
beumes  .....  and   the 

same  is  to  be  wrought  on 
this  wise:  take,  saith  Lou- 
cier,    a   hoUowe   burning 
glassc,     which      direcllie 
place    lowarde    the    hole 
beames  of  the  sunne,  afler 
(betweene    the  beams   of 
the  sunne  and  the  burning- 
glasse,)  set  the  glass  bodie 
[Retort]  -    -   -    -    in  such 

manner,  that  the  beames 
of  the  hole  sunne  falling  into  the  hollow  glassc,  maie  so  beale  bucke 
and   extende  to  the  ghisse  bodie  with  the   proper  mutter  (as  to  the  object 

Riandiiig  righte  against)  -  —  -  as  more  livelie  appeareth   by  this  figure 
ere  descril>ed."" 
Air  diluted  and  VB]ior  evolved  by  ihe  sun's  heat  were  also  used  to  pro- 
duce music  in  the  middle  ages,  a  device  which  often  caused  tlint  celestial 
■^melody  which,  like  the  harp  of  Dunstan,  acr|uircd  for  its  authors   a  rei>u- 
^^tation,  sometimes  of  superior  sanctity,  and  nt  others  of  dealing  with   the 
wicked  one.     The  musical  machine  of  the  famous  Drchhlc,  according  to 
^_£iahop  Wilktns,  was  of  this  kind:  i.  e.  a  modification  of  the  supposed  one 
^Bn  the  Statue  of  Momnon.     Drebblo's  machine,  says  the  Bishop,  "  would 
^^>f  itself  render  a  soft  and  plea.sant  harmony  when  exposed  to  the  sun's 
rays,  but  being  removed  into  the  shade  would  presently  become  silent 
The  reason  of  it  was  this ;  the  wannth   of  the  sun  working  upon  seme 

•  ThfVTtutice  of  the  new  and  tdd  pUisicke,  ichrrrin  is  Mntninrd  the  moH  tiullent  aeertU 
of  p/iifieke,  and  pfidofffphir,  drridni  tiitofoure  Boohs — in  the  trhich  arethcbrst  approcrd  remd- 
mdus  for  the  diseases,  as  vtU  intra  rd  as  outtrard.  of  at  the  parts  of  mans  hody:  treating  rerf 
mvfie.  of  al  distillations  of  tcatcrs,  of  oylrs,  Inilincs,  ijuintissrnces,  icith  Ihe  rjtraction  afatti- 
icid/  taltes,  Ihe  vse  and  preparation  of  antimony,  awl  potable  gotil,  gathered  out  of  the  tint 
and  most  approved  authours,  hy  that  ererJtent  Doctor  Ge^nerus.    Also  the  pictures  and  maner 
to  make  tlie  resseis,  furnaces  and  other  instruments  thereunto  belonging.     Seirly  rorrtcled 
iiul  pHltlis)itd  in  y.ngiishr.  by  George  liokrr,  one  of  the  Qhcctiu  Majeftiet  chief »  Cuirurgiani 
in  indtnii-^.     LMudun,  Black  Letter,  15%). 
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moisture  M'llliin  it,  aiiJ  rarefying  llie  iiiwanl  air  unto  so  great  an  evirniion 
that  it  must  neetis  si'fk  liirv^iit  nr  issue,  did  thereby  give  sei'cral  molionl 
unto  itie  instrument."     (Math.  Ma^c,  Hook  ii,  chap.  1.) 

Decais,  besidt-s  lii*  explanation  of  the  vocal  statue  of  Egypt,  has  s^vn 
k  description  of  a  miuicaJ  summer,  a  device  apparently  similar  to  Dreh* 
ble's  J  and  in  the  twenty-second  plate  of  his  work  he  ha5  Hgiired  another 
which  Swilzer  has  copied  into  his  system  of  hydrostatics. 

The  heat  of  t)ie  sun  is  too  uncertain  to  be  relied  upon  in  those  pro- 
jects that  require  immediate  and  certain  results.  Durini^  |]ic  evening, 
night,  and  early  dawn,  nothing  could  be  effected  j  and  evrn  in  mid-dav, 
clouds  and  showers  often  intercept  or  divert  the  rays  :  moreover  a  ma- 
chine when  placed  so  as  to  be  healed  directly  by  the  sun,  soon  experien- 
ces a  diminution  of  its  influence  by  the  motion  of  the  earlii.  Those  ravs 
which  full  directly  upKjn  it  becoming,  in  consetpience  of  this  motiun, 
oblique.  These  and  other  unfavorable  circumstances  are  common  to  most 
countries  where  the  solar  heat  is  sufficiently  intense,  while  in  others  it  is 
loo  feeble  to  be  used  with  effect ;  hence,  in  the  temperate  zones,  within 
■«'hich  the  arts  have  at  all  times  l>een  cliiefly  cultivated,  the  application  of 
ordinary  fire  has  suporsedt-d,  for  nearly  all  practical  purposes,  that  derived 
from  till!  sun.  In  some  parts  of  the  earth  saline  waters  are  concentrated, 
and  suit  produced  by  the  heat  of  the  glowing  orb  of  day,  but  for  every 
thing  like  the  devices  belonging  to  our  subject  it  is  now  seldom  employed, 
if  at  all. 

The  oldest  applications  of  fire  to  raise  liquids  are,  singularly  enough, 
also  to  be  iound  among  the  philosophical  tricks  of  ancient  ]>riests,  and 
am<mg  the  prodigies  which  they  performed  at  the  altar  itself  The  selec- 
tion of  altars  for  such  displays  was  natural,  because  it  was  at  them  the  will 
of  the  gods  waa  more  pardcularly  e.xpccted  to  be  made  known.  It  must 
not  be  sTipposed  that  ancient  altars  were  all  simple  structures  of  wood, 
■tone,  brick,  or  marble  ;  on  the  contrary,  many  of  them  were  elaborately 
designed,  and  constructed  entirely  of  virUil.  Ever^*  one  knows  that 
bronze  or  brazen  altars  are  of  frequent  orcurrenrc  in  the  Old  Testament, 
and  the  descriptions  of  some  prove  them  to  ha^'e  been  !<]>lcndid  specimens 
of  workmanship  and  design.  The  altar  for  "  burnt  offerings,"  being  up- 
wards of  eight  feet  scpiare  and  five  deep,  was  covered  with  plates  of 
brass.  The  grate,  fire  place,  vessels,  $cc.  were  also  of  the  same  material. 
One  of  the  Tujmerous  brazen  altars  built  by  Solomon  was  an  extraordinarj 
affiiir,  being  twenty  cubits,  or  thirty-three Jert  square,  and  sixteen  feet  high. 
The  large  niitnber  of  victims  consumed  on  it  and  the  necessary  fires  ao- 
count  for  these  dimensions. 

As  simie  of  ihe  most  effectual  frauds  were  consummated  at  and  by 
means  of  altars,  the  civil  governors  of  the  heathen,  and  some  of  the  worst 
princes  <>f  the  .Tows,  made  use  of  tliem  for  the  performance  of  slate  tricks, 
to  intimidate  the  people  and  subdue  them  to  their  will.  In  such  matters 
a  collusion  between  the  priests  and  statesmen  of  anti(piify  is  very  obvi- 
ous. (By  a  similar  combination  of  church  and  state  it  is  that  the  peopln 
of  Europe  are  still  oppressed.)  When  Themistocles  could  not  otherwise 
carry  out  his  measures,  he  did  not  fail  to  make  the  oracles  interfere.  There 
aie  some  interesting  particular?  in  2d  of  Kings,  chap.  xvi.  respecting  a 
br.a7,ca  altar  which  Ahaz  cxnmiMcd  at  Damascus,  and  an  exact  cony  of 
which  he  had  made  and  erccteil  in  Jerusalem.  It  evidently  was  of  a  no- 
vel construction  and  was  probably  designed  for  working  pretended  mira- 
clei  for  state  pur[>oses,  for  it  was  amon?  thoiie  destroyed  by  his  son  He- 
■ekinti.  Monlfaucon  in  the  supplement  to  his  antiquities  d;'scrilK^s  soma 
firguUr  altars,  and  among  others,  one  on  which  an  eagle  was  made  lud- 
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]ra)y  til  Twe  as  in  the  act  of  flving  away.  This  he  obsoires  \\a»  elTectoJ 
l>y  macliinory  moved  by  a  person  appointed  for  the  purpose. 

There  arc  numermis  intimaiintis  in  history  o^  fiuii<ls  prncticed  at  Ii1tar» 
!>y  fire,  antl  hy  iratcr  and  other  liquidt.  We  shiill  notice  a  few  here,  anft 
>tLers  in  the  next  clmptcr.  A  verv  ancient  tnidition  tauglit  tluit  those 
»'cre  the  greatest  gods  -hat  answered  their  worshippers  by  fire.  Thjj 
was  a  prevailing  belief  among  the  ancient  heathen,  and  hence  the  ingenuity 
>f  Uie  prie<t«  was  particularly  exercised  in  devising  means  to  proiliice  a 
ipontanooiis  or  "  divine  fire,"  to  consume  the  sacrifices.  Serviiis,  a  Roman 
writer,  alHrms  that  in  ancient  times  fire  wiu  never  kindled  on  the  altars, 
but  was  drawn  down  from  heaven  by  prayers.  Soliniis  iinother  Roman 
mthor,  who  wrote  in  the  first  centnry,  speaks  of  one  in  Sicily  upon  which 
tl.e  fuel,  though  ever  so  green,  would  kindle  of  itself  if  the  sacrifice  was 
Bixeptalile  to  the  gods.  Pausanius  relates  an  example  of  which  I  e  was 
a  witness.  Some  nf  the  devices  are  known.  When  the  victim  was  laid  on 
the  altar  and  the  fuei  ready  to  be  kindled,  a  libation  of  wine  or  oil  was 
pnurt?d  upon  it ;  streams  of  the  liquid  trickled  through  fissures  or  secret 
channels  into  a  pan  of  coals  concealed  below,  and  instantly  the  sacrifice 
was  enveloped  ii.  flames,  nnd  the  desired  proof  of  its  acceptance  given. 
At  otlier  times  naptha,  a  mineral  oil  that  takes  fire  on  being  expoped  to  the 
lir,  was  adroitly  Jropt  on  the  fuel  V)y  the  priests  as  they  officiated.  Thi» 
s  the  substance  by  which  Medea  is  supposed  to  have  destroyed  Creusa, 
>v  imprecnating  with  it  the  enthan»c<l  gowr.  which  she  presented  to  her. 
tVhen  Creu«a  had  put  it  on  and  was  approaching  the  aftar,  it  burst  into 
larncs,  and  she  expired  in  excruciating  torments.  The  Drui<ls  had  tn» 
irt.  of  kindling  without  fire  a  sulpliurous  substance  by  which  ihry  slrucli 
error  into  their  enemies.  There  arc  presumptive  proofs  that  both  they 
lad  the  priests  of  Deiphos  liad  gunpowder,  with  which  they  imitated 
hundcr  and  lightning ;  ano  tliis  accords  with  a  remark  of  Pliny,  in  the 
lecnnd  book  of  his  Jfatural  History,  (chap.  53.)  "  It  appeorcth  upon  re- 
M)rd  in  chronicles  that  by  certain  sacrifices  and  prayers,  liehtningt  may 
iitlier  be  compelled  or  easily  intreated  to  fall  upon  the  earth."  And  he 
jbserves  that  there  was  an  old  tradition  in  Etruria,  that  lightning  was 
procured  "by  exorcisms  and  conjurations."  Tlie  ancient  priests  of  Ethio- 
pia wor3hi]>ed  the  sun,  and  at  the  close  of  harvest  they  separated  a 
portion  of  the  fruits  from  the  rest  as  a  sacnfice  to  the  Deity  :  if  the  offer- 
ing >vas  acceptable  it  instantly  took  fire.  The  Vestal  .Emylia  rekindled 
the  sacred  fire  on  the  altar  of  Vesta,  by  putting  her  veil  over  it,  that  is,  by 
some  device  which  the  act  of  adjusting  lier  veil  concealed  :  in  fact  enough 
is  known  to  convince  us  that  old  temples  were  perfect  laboralories.  (See 
an  expose  of  the  pretended  descent  of  celestial  fire  on  Good  Fridays,  into 
the  holy  sepulchre  of  Jerusalem  (which  is,  we  believe,  still  kejrt  up)  in 
Motraye's  Tr..vels,  vol.  i,  page  73.) 

But  it  was  not  by  the  sudilon  appearance  of  flames  only  tliat  fire  was 
employed  as  an  agent  of  deception.  E()unlly  surj)rising  effects,  and  as 
secretly  produced,  were  derived  from  the  Jiral  which  the  fuel  and  burn- 
ing sacrifice  gave  out.  It  will  readily  be  imagined  that  lliis  heat  must 
have  been  intense  when  a  bullock,  a  shet^p,  or  a  goat,  was  consumed  ;  and 
somelimca  several  antmals  were  offered  iil  once  upon  the  same  altar.  In 
burnt-offerings,  everv  f>Hrt  was  to  be  re<liired  to  ashes,  and  hence  particu- 
lar care  wa*  re<]uircn  that  the  fuel  should  be  drv  as  well  as  in  abundance; 
othei  vise  the  mass  of  flesh  and  juices  riiiglit  extinguish  the  fire — a  circum- 
stance iSat  WHS  deemed  very  inauspicious.  It  was  also  customary  to  pfiuf 
wine  and  oil  upon  the  sacrifice,  an<l  spices  and  perfumes  to  correct  tha 
odor      These,  of  course,  increased  the  heal,  and  m  addition  to  which,  it 
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BpiM'nrii  ffom  one  of  tlic  Hnniiltoo  Vhsc»,  that  large  bellows  wctv  umK 
liiiiei  used  to  jironiole  tlie  cntnljusUon  by  a  blast. 

A  modern  nuichauician  will  at  oucc  perceive  that  tbe  radiation  uf  li' 
from  gucli  tires  into  tlic  interior  of  altars  offered  an  efl'eciive  anj  iinju-j 
cious  source  uf  fraud — one  from  which  a  distinct  series  of  prodigies  mi. 
l>e  derived.  Let  us  see  how  they  could  be  realized.  Suppose  a  bnu.E.. 
altur  mndo  air-tight,  with  a  cylindrical  or  other  o|>cnin^  through  ils  centiv, 
in  which  to  plate  the  tire  and  to  afford  a  draft,  (aain  those  wooden  boiler* 
in  which  wnt<?r  is  heated  by  a  fire  in  the  ceny^  ;  the  liquid  beinp  in  con- 
tiict  with  the  heated  sides  of  the  furnocc,  and  the  ashes  from  the  gnttc 
fulling  through  the  draft  ojiening,  which  is  continued  througli  the  bottom 
of  the  boilers)  or  the  passDge  for  the  dralt  might  Ije  made  ut  right  angles 
to  the  fiiniacB  or  fire-place,  and  terminate  at  one  side  of  the  altar ;  the  up- 
per |»nrt  of  the  furnat-e  would  then  lie  level  wi'h  the  top  of  the  altar  upon 
which  the  victim  was  laid.  Suppose  the  air  tight  cavity  round  the  fur- 
nace tilled  to  a  certain  height  with  wine,  oil,  or  other  inflammable  liquid, 
a  vapor  would  then  be  evolved  by  the  heat,  and  ini.xing  with  the  contain- 
ed air  would  press  upon  the  Sjrlace  of  the  liquid,  wh:ch,  by  concealed 
tubes  might  be  conveyed  to  the  fire  and  thus  sustain  it  without  any  addi- 
tional fuel.  The  vapor  might  also  be  made  to  produce  sounds  as  in  Dreb- 
ble's  machine — images  of  birds  might  by  it  bo  made  '.o  sing — dragons 
and  serpei.ts  to  liiss.  The  current,  like  the  blast  of  a  bellows,  might  be 
made  to  excite  the  flames  ;  and  by  appropriate  mechanism  impart  motion 
to  various  automata^-cause  the  doors  of  the  temples  mystenously  to  flr 
open  and  to  close,  &c.  Sec.  Now  it  so  happens  that  these  very  things 
were  done  and  by  means  of  air  and  vapor. 

The  annexed  figure,  from  Proolem  XF,  of  the  Spiritalia,  will  serve 
as  a  specimen  of  tlie  ingenuity  of  tlio  ancients  in  these  respects.  It  is 
merely  (^nc  of  n  number  that  Heron  has  given.  The  altar  was  of  meful. 
hollow  and  air-tighl,  and  pliiced  on  a  hollow  base  or  pedestid  (also  nir- 
tight)  which  contained  a  quantity  of  oil  or  wine.     Upon  the  base  stood 

two  statues,  each  holding  n  vase  in 
one  hand  as  represented.  Pijies,  m 
shown  by  the  dotted  lines,  communi- 
cateil  through  the  statues  with  the 
li<|uid.  As  the  air  within  tlie  altar  be- 
came diliiteil  by  the  heat,  it  necessarUy 
forced  the  lii|uid  up  the  pipes  and 
drove  it  out  of  the  mouths  of  the  ra- 
ses III  which  the  pipes  terminated,  ll 
is  not  easy  to  see  why  the  l>ottom  of 
the  altar  did  not  open  Jirectly  into  iho 
base  or  reservoir  of  wine,  instead  of 
the  pipe  that  connects  ;hem,  since  it 
would  have  |>romoted  the  evolution 
of  vajior;  but  the  figure  represents 
only  one  of  the  numerous  modificu- 
tJons  employed.  It  is  obvious  from  this  and  some  other  devices  described 
bv  Heron,  (as  No.  173)  that  vapor  from  the  contained  liquids  contribute*! 
chir/ly  to  the  result,  till  hough  he  has  not  in  all  cases  mentioned  it.  Indeed 
k  is  not  certain  that  he  did  not  confound  steam  with  air,  as  the  philos(w 
phers  of  the  sixteenth  century  did,  of  which  some  examples  are  givea 
in  the  next  two  chapters.  Hiid  air  alone  been  used  in  the  alwve  altar, 
the  effect  could  only  have  have  been  m'  iTieniiiry  ;  fur  part  of  it  would 
be  soon  al)4orbed  by  the  liquid  and  carried  out  with  it,  and  there  np|n.'<ira< 


\ 


No.  IT 


Li«iiiiil<  rainnd  l>y  hntil   bi  Bocieoc   aJ- 
Ur> — rrom  Uia  ^)iiril:ill;t 


.}..  2.1 


hj'tiiuUy  oj  AHcievt  Pnextt. 


335 


Hn 


vliion  for  a  fresli  siiujily.     HcsiJes,  as  ilio  li(]iiid  was  expellpcJ,  the 
er  would  the  remuiniler  havo  lo  be  raiseil.  and  coiisfquenlly  unless  the 
retL'ived  a  oorre«piiiiding  murfase  ot  teni(>erBturt^  the  discharge  irain 
vaio  n.igtit  cease. 

»d  it  not  been  for  the  Spiritalia,  wo  should  never  have  suspected  (hot 
vms  niude  lo  pt.'rforni  so  imjiorlnnt  n  pnrl  in  ancient   fruuds,  nor  iliat 
expansion  and  contraction  had  been  eni|jloy<?d  to  raise  li(|nids.     Not- 
istauiiing  the  high  opinion  which  history  givrs  ns  of  the  philosophical 
wlcdge  of  old  priests,  we  should  hardly  have  surmised  that   tliev  had 
*rt  ofapplyine  this  subtil  ftuid  so  ingeniously.     They  seem,  however, 
have  ransacked  all  nature  for  devices;  and   lo  have   become   familiar 
the  principles  upon  which  the   most  valuable   of  our  arts  and   ma- 
inery  are  based.     Astronomy,  acoustics,  chemistry,  optics,  hydrostatics, 
iiSnatics,  and  hydraulics,  \ver«   all    pressed    into   their  service.      Even 
•ppiiration  of  »/com.  as  a  source  of  motive  force,  did  not  escape  lliem; 
that  had  their  energies  been  devoted  to  the  developmcut  of  useful   tne- 
m,   the  world  would  probably  have  been  indebted  to  tlieni  Inr  the 
engine  itself. 
What  wonders  would  an  insight  into   the  (pld   temples   have   levealed  ! 
o  have  had  an  o]>portunity  of  inspecting  the  machinery,  new  and  old — 
bare  been  present  at  the  consultations  of  the  priests — witnessed    their 
iVute  experiments — heard  iheni  expatiate  on  the  delects  of  this  device 
the  perfect  working  of  that — suggesting  a  wheel   here  and   a  spring 
irre — lo  have  been  present  at  their  con.sulliitions  respecting  the  suspeii- 
kion  of  water  in  Tutia's  sieve,  and  witnes-sed  the  congratulations  exchang 
"  at  the  crlat  with  which  that  and  ninny  other  trials  came  off,  &c.  &c. — 
uld  have   made   us  acquainted   wiih   discoveries   both  in  science  ati-1 
hiuiical  combinations  that  would  ihrow  some  modem  inventions  into 
e  : — But  the  tremendous  evils  which   their   impostures   induced   rcn- 
ere«l  concealment  on   the    part  of  the   priests   indispensable.      Exposure 
>ivould  not  only  have  endangered  their  wealth  arul    influence,   but   might 
Imve  letl  to  tlieir  extermination  by  an  outraged  and   jilundered    people — 
Ivrncc  the  veil  of  religion  was  interposed  to  screen  the  operators  and  their 
appamtus,  and  inevitable  liea/h  was  the  consp<]uence  of  undue  cnrio.sity  ; 
\\  itn«'5S  that  of  Alcitlur,  a  female  of  Thebes,  who  ridiculed   the  orgies  of 
liucchus.  and  was  represented  by  the  priests  as  having  iicen  changed  into  a 
tml  :   a  fiction  of  theirs,  m«st  likely,  to  conceal  tlieir  having  taken   her  off. 
.  7.7- '■■'<«  miclit  be  adduced  a.s  another  example — he   forcibly  entered   the 
iriiilc  of  Neplur/C  and  was  struck  hlinil  by  a  sudden  eruption  ol'  till t-iiatrr 
the  altar  ;   probably  sulphuric  or  other  acid  jecretly  ejected  by  the 
losts.      In  this  chapter  we  have  seen  tliey  had  the  means  of  doing  this 
y  the  dil.itation  of  air  within  the  cavities  of  altars. 
We  shall  conclude  this  chapter  with  some  remark's  on  the  Spiritalia. 
»  MTork  that  had  more  influence  in  reviving  the  study  of  hydrodynamics 
in  modern  times,  than  any  other.      This  little  book,  like  a  rivulet,  sei:t  its 
•ireams    of   knowledge    over   all    Europe    in   the    sixteenth    century.      It 
•timiilated,  if  it  did  not  create  that  spirit  of  investigation  and  experimen- 
tal res«'arch  which  then  commenced  and  has  continued   unimpaired  to  the 
present  time.     It  seems  to  have  caused  an  unusual  degree  <il  excitement. 
Philosophers,  chemists,  and   physici.ins,  as  well  as  engineers,  illustrated 
their  wri.ings  by  its  problems  and  figures.     Porta,  Decnus,  Fludd,  and 
others,  avowedly  transferred  its  pages  to  their  works,  while  many  writers 
>*itb  less  candor  and  less  ingenuity  made  use  of  it  without  acknowledg- 
ment.    Of  all  the  old  mechanicians.  Reason  seems  to  have  been  less  in- 
debied  to  it  than  any  otiier. 
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The  Spuitalia  formed  bnt  n  smiill  part  of  t)m  wrifinqs  of  Heron;  hu. 
all  of  llicm  reached  our  limt'S,  wc  should  luivo  possessed  an  a]mi>$t  p^.•^ 
feet  system  of  ancient  mechanical  philosophy.  He  wrote  hook.»  on 
clepsydrd.  automata,  dioptucs,  war  machinery,  eiigincs  lor  raicing 
weights;  ana  an  introduction  to  meclianics,  wh;c]i  is  said  to  hare  Eieen 
the  most  complete  work  on  the  subject  wliich  the  ancients  posseswi 
Taken  as  a  whole,  the  Spiritalia  seems  more  like  the  manual  of  an  xnrionl 
magficiati  than  any  thing  eUc — a  collection  of  deceptions  with  the  pro- 
cesses hy  which  they  were  matured.  In  it  Heron,  mstead  of  ap|>earint 
in  the  character  of  a  philosopher,  ratlicr  assumed  (perhaps  (l>r  amusemrnt 
or  to  expose  the  frauds  of  the  Egyptian  hierarchy)  that  of  a  miniilpr 
of  Isis,  initialing  an  acolyte  into  the  mysteries  of  his  profession.  Ami 
numerous  as  are  the  devices  described,  they  doubtless  formed  but  a  smill 
part  of  those  which  constituted  the  active  and  efficient  capital  of  tli« 
Egyptian  priesthood.  With  the  exception  of  an  hydraulic  and  auntiiet 
organ,  a  syringe,  fire  engine,  fountain  of  compression,  three  lamp«  «iid 
two  eolipiles,  (and  most  of  which  were  also  used  for  unworthy  piirpn«e») 
the  whole  may  be  considered  us  a  text  book  for  conjurers.  Of  the  sevestT- 
six  problems  contained  in  the  book,  twelve  relate  to  the  working  nf 
prodigies  at  the  altars,  by  air  dilated  by  the  heat  of  the  sacred  fires,  it 
as  already  noticed  ;  upwards  of  forty  relate  to  sacrificial  vases,  Tafit*lii»' 
cups,  magic  pitchers,  &c.  In  some  of  these  were  concealed  cavilic4,  in 
which  the  liquid  was  retained  or  discharged,  by  closing  with  the  thumb 
a  minute  opening  in  the  handle.  Water  was  poured  into  some  and  they 
gave  out  N^ine,  and  rire  versa.  In  these  we  have  a  solution  of  tlie  trie* 
by  whicli  water  was  changed  into  wine  in  the  temple  of  Bar.clius,  on  the 
7th  of  January  ot  the  ann\ml  feast  of  the  god,  as  mentioned  by  I'liny.  la 
others  were  disguised  partitions  forming  various  compartments  in  which 
different  liquids  were  retained,  and  all  discharged  at  one  orifice  ( 
species  of  three  or  four- way  cock)  so  that  those  >n  the  secret  could  i^ 
wine,  oil,  or  water,  ot  pleasure  ;  besides  many  other  nicrry  conrri/j,  as  thft 
old  authors  name  them.  There  is  we  think  among  them  abundant  evi- 
dence that  our  solution  of  Tutia's  miracle  of  carrying  water  in  a  sieve 
was  the  true  one.  It  is  probniile  that  in  some  of  these  vases,  specimens  of 
the  old  divining  cups  may  be  finind. 

The    ingenious    reader   will   not    repine   at  our  in.<ierting  a  specinra 
of  a  liistral   vase.      We   Ijnve   selected  this  because  it  shows   that  me- 
chanical as  well  as  hydrodynainical  devices  were  adopted  as  r.ccasions 
required.     It  shows  also  that  the  mode  of  increasing  or  diminishing  the 
pressure  of  a  valve  to  its  seat,  by  a  loaded  lever,  as  m  the  safety  valve  "(^ 
a  steam  engine,  was  known — a  circumstance  that  may  bo  deeiijed  quite  in- V 
significant   by  some   persons;    but  attention   to   such   little   things    often" 
enaliles  us  to  strive  at  correct  estimates  of  an  ancient  device,  and  of  the 
ingenuity  and  fertility  of  conception  of  ancient  devisers. 

Most  readers  are  aware  that  /loly  leater  was  derived   from  *hat  of  the . 
heathen.     When  a  worshiper  was  about  to  enter  the  tempie,    he   sprink» 
led  himself  from  a  vase  of  it  placed  near  the  entrance.     On  some  panica^ 
lar  occosious  the  people  were  sprinkled  by  priests.     (See  an  example 
page  196.)     Those  who  celebrated  the  Eleusitiian  mysteries  were  par 
cularly  required  to  wash  their  hands  in  holy  water.     In  the  middle  aije 
the  liquid  was  a  source  of  considerable  profit  to  monks,  and  it    was  e\t 
a  cu«tom  for  clerks  and  «choIars  to  hawk  it  for  sale.     From   Heron's  dfl 
scripliiin  of  the  fuJlowing  figure,  (No.  178,)  we  learn  that  heatbrn  priesti ' 
also  made  it  a  source  of  revenue  ;  the  vessels  containing  lustral  water  mil 
being  always  open  for  public  use,  free  of  charge,  but  closed,  and  like  a 
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noney  box  provided  with  a  slit  at  the  top,  through  which  a  certair. 
lip  be  put  liefore  th«  donor  could  receive  any  of  flic  purifying 
L.'  In  tlie  vase  before  us  Jive  drachmcr,  or  about  sevcnty-fiv^ 
»,re  required,  and  it  will  be  perceived  frcin  the  construction  of  the 
ll«»  that  no  less  sum  could  procure  a  drop,  although  us  much  more 
might  be  put  in  as  the  donor  thought  proper.* 
The  device  is  a  very  neat  specimen  of  religious 
ingenuity,  and  the  more  so  since  it  required  no 
attending  minister  to  keep  it  in  play.  We 
may  judgfe  of  other  apparatus  belonging  to  the 
old  temples  by  the  talent  displayed  in  lliis.  A 
portion  of  the  vase  is  removed  m  the  figure  to 
show  the  interior.  Near  one  side  is  seen  a 
cylindrical  vessel  at  A.  It  is  this  only  that 
ur»i,uiined  water.  A  small  tube  attached  to  the 
ln.ttom  is  continued  through  the  side  of  the  vase 
at  0.  where  the  liquid  was  discharged.  The  in- 
".er  orifice  of  the  tube  was  formed  into  the  seat 
of  a  valve,  the  plug  of  which  was  fixed  on  the 
lower  end  of  the  perpendicular  rod,  whose  up- 
per end  was  connected  by  a  bolt  to  the  hori- 
zontal lever  or  vibrating  beam  R.  One  end  of 
R  is  spread  out  into  a  flat  dish  and  so  arranged 
ceive  on  its  surface  every  thing  dropped  through  the  slit.  The 
Bms  on  a  pin  or  fulcrum  very  much  like  a  pump  handle,  as  re- 
ked.  The  operation  will  now  be  understood.  As  the  weight  of 
[kept  the  valve  closed  while  nothing  rested  upon  the  broad  end  of 

rr.  sono  liquid  could  escape;  but  if  a  number  of  coins  of  sufficient 
were  dropped  through  the  slit  upon  the  end  of  R,  the  valve 
Kben  be  opened  and  a  portion  of  liquid  escape  at  o ; — the  quantity 
t  out  would  however  be  very  small,  not  only  from  the  contracted 
r  the  tube,  but  from  the  fact  that  the  valve  would  be  open  only  e 
K ;  for  as  the  lever  became  inclined  from  its  horizontal  position  the 
tof  money  would  slide  off  into  the  mass  accumulated  at  H.  and  the 
trould  as  quickly  be  stopped  :  the  apparatus  would  then  be  ready 
ily  llie  next  customer  on  the  same  tern*.  This  certainly  was  as 
.and  ingenious  a  mode  of  dealing  out  liquids  as  it  was  a  profitable 
id  after  all  was  not  half  so  demoralizing  as  the  retailing  of  ardent 
In  modem  times. 

would  suppose  the  publication  of  such  a  work  as  Heron's  Spiri 
lut  have  been  as  distasteful  to  the  occupants  of  ancient  temples, 
b  of  Luther's  writings  were  to  Leo  X  and  his  associates  ot  the 
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ionilpn,  hoc  Mt  ia  va.*a  sacii6cil  injecio  quioquc  dracUmanim  niimumatt  aqoa 
rgendum  effluil.     Ppiri'iJit   tzi. 
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CHAPTER    III. 


On  fTRAM :  MUerable  coo  i  Aion  of  the  gnnt  ponion  of  the  hHmftn  race  io  put  (liras — Bri(b(vr  prov^Mk 
for  p<i»t«rity — laorganic  motiVT  force*— Wondcri  of  ilpuo^ltt  brncficiiiJ  infliirnce  on  DianSfUturvdeaUty 
•Wtl)  au)>er*ciln  nrsriy  all  liuman  tlrud|t«ry — Pro|[reif  of  thp  nrta — Catise  why  «team  wm»aatltirmmij 
vmpluyed — Pota  builiiii;  ovor  anil  primitive  cspcriujpata  Liy  fpniolea  -8teani  all  nf  eiit  ia  workinf  prWI* 
gte» — Priffla  familiar  with  aleam — Sacrificea  boiled — Sectliiup  bon«k— Barthquakea — Aathemlat  tad 
^cno — llntbatba  at  Uuiua — Kali  lupportod  on  a  jut  of  meniti,  frutn  thi*  Spinialia — tierun'a  whtttlBf 
collpile — Steam  engine*  on  tbeaaiae  principle — Kubpilet  dr'airibed  by  Vilruviua^Tbrir  rariout  u«^— 
Heraldic  device — Kniipiles  from  Riviu^^-Ciipeto  furnace  and  eotipile,  from  Erckera — ifiliiilor  ap|>ltn> 
tiona  of  ateam  revived  n[id  palnliled^Eulipilea  of  the  human  form— Ancient  ten  urea— Jack  of  llihoa— 
Putter,  a  ateaill  deity  of  the  ancient  Gorinaoa — Ingenuity  of  the  Jtriesta  in  couatructing  uud  wnrkHif  N— 
8up)KM«d  alluaiona  to  eollpillc  idoli  in  the  bible — Employed  in  ancient  war*  to  pn^act  atrr3in«  of  liijuid 
fire — Draft  of  ihimneya  itjiproved,  pcrf  unot  diHperaed,  and  maiic  produced  by  eolipilot — Bultpde*  tka 
form  of  modern  ateam  enitiiiaa. 


If  WO  contemplate  the  past  history  of  man,  we  shall  find  that,  with  i 
few  insignificant  exceptions,  the  entire  race  has  been,  as  it  were,  doomeil 
to  support  im  existence  surcharged  with  misery.  From  the  earliest  j>o- 
riods  of  record<'<l  lime,  we  behold  the  great  mass  sliivcs  to  an  organized 
despotism  which  a  few  crafty  spirits  entailed  upon  the  species — a  dt»po- 
tism  both  mentiil  and  physical — to  subJuo  the  body  and  enthrall  the  nund 
— pi>liticiil  and  ecclesiastical  despotism.  To  tl>e  neglect  of  mental  cultiva- 
tion alone,  these  evils  are  to  be  atiributed  ;  for  in  every  oge  men  have  had 
the  same  elements  of  prosperity  and  of  happiness.  The  earth  and  iu 
treasures  have  always  been  at  their  disposal,  and  the  natural  capacities  of 
the  htiman  intellect,  have  probably  always  been  the  same.  It  is  the  im- 
provement of  these  capacities  by  culture,  and  their  degeneracy  by  neglect, 
that  make  all  the  differences  in  men's  condition.  The  horrible  suRerinirt 
of  the  myriads  of  human  beings  who  have  passed  through  a  life  of  un- 
ceasing and  unrec]uited  toii,  were  owing  to  their  ignorance,  and  hence  tno 
tyrants  of  the  earth  have  always  labored,  and  still  labor,  to  keep  those 
uninfornicil  that  are  subject  to  their  sway.  Ignorance  was  the  grand  en- 
gine by  wliich  the  most  atrocious  svstems  of  tyranny,  superstition  and 
magic  were  established  in  ancient  times ;  ami  whose  influences  arc  not 
yet  done  away. 

But  within  the  last  two  centuries  a  new  era  has  opened  with  trightt* 
prospects  for  the  human  family  at  large,  than  has  ever  yet  dawned  ujma 
It.  An  era  that  has  been  ushered  in  by  the  discovery,  or  rather  applici- 
tion,  of  a  new  motive  agent,  viz.  steam.  The  wonderful  effects  wliicii 
this  fluid  has  been  made  to  produce,  are  so  creditable  to  the  human  intel- 
lect, and  so  fraught  with  consequences  of  the  highest  import  to  our 
race  in  all  limes  to  come,  as  to  excite  even  in  the  most  toipid  mino* 
emotions  of  stirring  interest.  Steam  is  changing  every  thing,  and  evety< 
thing  for  the  bett«ir.  It  has  opened  new  sources  ol  social  and  ind*-, 
vidual  happiness  :  nor  is  its  influence  confined  to  the  physical  condi- 
tion of  mnn,  for  by  its  connection  with  the  manufacture  of  paper  and  with, 
the  printing  press,  it  has  done  more  to  rouse  and  exercise  the  moral  airitj 
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intellectual  energies  of  our  nature  than  any  thing  else ;  and  has  impnrteil 
a  vigorous  impulse  to  them,  as  well  as  to  the  useful  arts.  As  all  the  nd- 
varitages  derived  in  modern  I'mes  from  steam  originated  in  attempts  to 
-aist  water  by  it,  we  need  offer  no  apology  for  indulging  in  some  pro  '- 
minary  remarks. 

What  a  proof  is  steam  of  the  stores  of  motive  forces  that  are  to  be  found 
in  the  inorgnnic  world  !  Forces  that  can  render  us  incalculable  service, 
if  we  would  but  open  our  eyes  to  detect,  and  exercise  our  energies  to 
employ  tliern.  Who  could  iiave  supposed  two  centuries  ago,  that  the  sim- 
ple vapor  of  water  would  ever  be  used  as  a  substitute  for  human  exertions, 
ar\d  should  relieve  man  from  a  gteat  portion  of  the  pliysical  toil  under 
which  he  has  groaiied  from  the  beginning  of  the  world  1  That  it  would 
arm  him  with  a  power  which  is  irresistible,  and  at  the  same  time  the  most 
pliant — one  tlial  can  uproot  a  mountain,  and  yet  be  controlled  by  a  child  I 
Who  could  have  then  imagined  tliat  a  vessel  of  boiling  water  should  im- 
part motion  to  machinery  in  every  department  of  the  arts,  and  be 
equally  adapted  to  all — should  spin  and  weave  threads  fine  as  those  of  the 
gossamer  ;  and  forge  tons  of  iron  into  single  bars  with  almost  equal  rapi- 
dity and  ease — raise  water  from  mines,  in  streams  equal  to  rivers  ;  and 
extxucl  mountains  of  mineral  from  the  bowels  of  the  earth — should 
propel  carriages,  such  as  no  horses  could  move,  with  the  velocity  of  wind  ; 
and  urge  ships  of  every  class  through  the  ocean,  in  spite  both  of  winds 
and  ^i•aves — should  be  tlie  means  of  circulating  knowledge  at  the  price  of 
waste  paper,  and  of  awakening  and  stimulating  the  menial  capacities 
of  men  !  In  a  word,  that  a  little  aqueous  vapor  should  revolutionize  the 
whole  social  and  political  condition  of  mati :  and  that  after  having  done 
all  this,  that  it  should  probably  give  place  to  other  agents,  slill  more 
powerful  and  beneficial,  which  science  and  observation  should  discover. 

What  a  proof  is  steam  of  the  high  destiny  that  awaits  our  species! 
The  most  fervid  imagination  cannot  realixe  the  importance  of  those  disco- 
veries in  science  and  the  arts,  of  which  it  is  merely  the  forerunner  ;  the 
first  in  that  new  catalogue  of  motive  agents  that  are  ordained  to  change 
tlie  condition  of  men,  and  to  regenerate  the  earth ;  for  all  that  is  yet  done 
is  but  as  the  twilight  that  ushers  in  the  orb  of  day.  Hitherto  man  has 
been  comparatively  asleep,  or  in  a  state  resembling  it — insensible  of  the 
rich  inheritance  which  the  Creator  has  placed  at  his  disposal  in  the  elas 
tic  fluids,  and  of  their  adaptation  to  impait  motion  to  every  species  of  me 
cbanism.  How  few  persons  are  aware  that  the  grand  inverition  of 
imparling  motion  to  a  piston  by  steam  and  other  elastic  fluids,  is  the  pivot 
on  which  the  chief  affairs  of  the  world  is  destined  lirreafter  to  tuni  1 
And  the  time  is  not  distant  when,  by  means  of  it,  the  Intent  energy  of  the 
gases,  or  other  properties  of  inert  matter,  will  supersede,  in  a  great  de- 
gree, the  drudgery  of  man — will  perform  nearly  all  the  labor  which  the 
bones  and  sinews  of  our  species  have  hitherto  been  doomed  to  accomplish. 
There  are  persons,  however,  whose  minds  biased  by  the  eternal  bondage 
in  which  the  mass  of  our  race  has  always  been  held,  who  will  startle 
tt  the  idea  of  the  whole  becoming  an  intelligent  and  highly  inti^lloctual 
Ixjdy.  They  cannot  conceive  how  the  affairs  of  life  are  to  be  continued 
— ^the  execution  of  innumerable  works  which  the  constitution  of  (Xiciety 
requires  should  be  performed,  if  these  helots  become  free.  But  can  they, 
can  any  one,  seriously  believe  that  the  all-wise  and  benevolent  Creator 
could  possibly  have  intended  that  the  highest  class  of  beings  which  he 
htts  placed  on  this  planet — the  only  one  capable  of  appreciating  his 
works  and  realizing  correct  ideas  of  his  attributes — that  the  great  por- 
tion of  these,  should  pass  through  life  in  incessantly   toiling  for  merv 
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food; — and  undergoing  privations  and  sufferings  to  obtain  it,  from  w  vtk 
tlie  lowest  auirri<ils  are  exempt  1  Assuredly  nut.  Hod  such  hi-cii  bit 
design,  he  would  not  have  created  them  with  faculties  expressly  adftpUn] 
for  nobler  pursuits. 

It  is  the  glory  of  modem  science,  that  it  calls  into  legitimate  IM 
Wth  the  physical  and  mental  powers  of  man.  It  rewards  him  witli  liti- 
inerous  forces  derived  from  inanimate  nature,  and  iaslrucLs  him  iti  tlw 
application  of  them,  to  ail,  or  nearly  all,  the  purposes  of  life  ;  and  tTen- 
tually  it  will  require  fn)m  him  no  greater  amount  of  physiCiil  toil,  iluii 
what  conduces  lo  the  full  development  of  all  the  energies  of  his  com- 
pound nature.  It  is  destined  to  awaken  that  mass  of  intellect  wliidi  liu 
hitherto  lain  dormant,  and  been  all  but  buried  in  the  lal)oriiig  cI<i3»o«; 
and  to  bving  it  into  active  exercise  for  the  benefit  of  the  whole.  And  fitf 
aught  we  know,  the  "  new  earth,"  spoken  of  in  the  scriptures,  may  tt(rt 
to  tha'  state  of  society,  when  science  has  thus 'relieved  man  from  bII  uija 
rious  labor — when  he  will  walk  erect  upon  the  earth  and  subdue  il. 
rather  by  his  intellect  llian  by  the  sweat  of  his  brow — when  the  cants  <if 
ignorance  will  bo  removed,  and  witli  it  the  tremeijdous  punishment  lilt 
has  ever  attended  it.  Then  men  will  no  longer  enter  in  suuals  into  a  i»w 
state  of  existence  in  another  world,  as  utterly  ignorant  of  the  wonders  wf 
creative  wisdom  in  tliis,  as  if  they  had  never  been  in  it,  and  had  not  p**- 
sessed  faculties  expressly  adapted  to  study  and  enjoy  them. 

There  is  no  truth  in  the  observation  of  some  people,  that  all  discoveriei 
of  importance  are  already  made  ;  on  the  contrary,   the  era  of  scientific 
research  and  ijie  application  of  science  to  the  arts  may   be   coiisidcrfnl  »• 
but  commenced.     Tlie  works  of  creation  will  forever  furnish  materials  for 
the  exercise  of  the  most  refined  intellects,  and   will   reward  iLetr  labort 
with  a  perpetual  succession  of  new  discoveries.     The  progress  which  bu 
been  made  in  investigating  tlie  laws  that  govern  the  aqueous,  atniosphen- 
cal,  mineral  and  vegetable  pails  of  creation,  is  but  a   prelude   to  what  ii 
yet  to  be  done — it  is  but  the  clearing  of  the  threshold  preparatory  to  the 
portals  of  the  temple  of  science  being  thrown  open  to  tlie  world  at  large. 
There  is  no  profession  however  matured,  no  art  however  advanced,  that 
is  not  capable  of  further  improvement ;   or  that,  so  far  as  we  con  tell,  will 
not  always  be  capable  of  it.     If  an  art  be  carried  to  the  utmost  perfection 
it  is  capable  of  in  one  age,  discoveries  in  others  will  in  time  be  made,  by 
means  of  which  it  will  be  still  further  advanced  ;   for  every  improvement 
in  one  has  an  effect,  more  or  less  direct,  on  every  other. 

The  benefits  already  derived  from  steam,  thon,  are  but  as  a  dmp 
the  ocean  when  compared  with  those  that  posterity  will  realize  ;  f<ir  if 
such  great  things  have  been  accomplished  by  it  in  one  century,  what  may 
not  be  expected  in  another  1  and  another '{  It  has  been  calculated  that 
two  hundred  men,  with  machinery  moved  by  steam,  now  manufacture  u 
much  cotton  as  would  require  twenty  millions  of  persons  without  ma- 
chines; that  is,  one  man  by  tlie  application  of  inorganic  motive  agents  can 
now  produce  the  same  amount  oi  work  that  formerly  required  otic  hun- 
dred thousand  men.  The  annual  product  of  machinery  in  Great  Britaiti* 
a  mere  spot  on  the  earth,  would  require  the  physical  energies  of  one  half 
the  inhabitants  of  tlie  globe,  or  four  hundred  millions  of  men  :  and  the 
vari.ius  applications  of  steam  in  different  parts  of  the  world  now  produce 
an  amount  of  useful  labor,  which  if  performed  by  manual  strength  would 
reijuire  the  incessant  exertions  of  every  human  being.  Hence  this  great 
amount  of  labor  is  so  much  gained,  since  it  is  the  result  of  innrganisrj 
forces,  and  conseipiently  contributes  so  much  lo  the  sum  of  human  happi- 
oess.     Now  if  su<:h  results  have  been  brought  about  so  quickly  and  oji 
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alone,  what  may  not  be  expected  from  it,  and  otiier  aeriform  fluids, 
Fages  to  come,  when  the   progressive   improvement  of  every   art  and 
every  science  shall  have  brought  to  light  not  only  other  agents  o!"  the  kind 

h  but  more  efficient  means  of  employing  them  ?  There  is  no  end  o  the 
beneficial  applications  of  the  gases  as  motive  agents,  and  no  hmits  to  the 
power  to  l)e  derived  from  them,  a^s  long  as  ram  falls  or  rivers  flow- 
while  trees  (for  fuel)  grow,  or  mineral  cool  is  found,  man  can  thus  wield 
a  power  that  renders  him  almost  oninij>oteTit. 

The  question  may  be  asked,  why  was  not  tlie  elastic  force  of  steam 
earlier  used  as  a  source  of  motive  power  7  Bi-cause,  as  we  observed  be- 
fore, men  neglected  to  employ  those  powers  of  reflection  and  invention 
which  God  had  given  them.  It  certainly  formed  no  part  of  the  Creator'* 
plan  of  governing  ihe  world  that  ihcy  should  Imve  so  long  remained  ig- 
norant of  its  application.  He  has  placed  man  at  the  head  of  creiition  and 
iumi$hed  him  with  powers  appropriate  to  his  position.  Every  object  in 
nature  he  can  use  for  good  or  for  evil.  They  are  the  materiiils  from 
which  he  may,  as  an  expert  machinist,  fabricate  at  will  all  that  his  wants 
require  :  he  may  prostitute  them  to  the  miseries  of  himself  and  his  fel- 
lows ;  or  he  may  neglect  them  to  the  injury  of  all.  It  is  the  order  of 
nature  that  her  latent  resources  shall  be  discovered  and  applied  by  di/igent 
rctearih.  Hence  some  of  the  finest  specimens  of  the  Creator'.!  wisdom 
can  only  be  appreciated  after  careful  study,  a  fact  which  is  itr^elf  a  proof 
of  his  wisdom  and  beneficence,  since  their  realization  is  thus  held  out 
AS  an  inducement  to  investigate  them. 

Steam  has  of  course  been  noticed  ever  since  the  heating  of  water  and 
boiling  of  victuals  were  practiced.  The  daily  occurrence  Implied  by  the 
ex|>rt'*sion  "  the  pot  boils  over"  was  as  common  in  antediluvian  as  in  mo- 
dern times  ;  and  hot  water  thus  raised  was  one  of  the  earliest  observed 
iiicls  connected  with  the  evolution  of  vapor.  From  allusions  in  the  most 
ancient  writings,  we  may  gather  that  the  phenomena  exhibited  by  steam 

I  were  closely  observed  of  old.  Thus  Job  in  describing  Leviathan  alludts 
to  the  puffs  or  volumes  that  issue  from  under  the  covers  of  boiling  vessel*. 
"  By  his  neesings  a  light  doth  shine,  and  his  eyes  are  like  the  eyelids  of 

I  the  morning  ;  out  of  his  nostrils  goelh  smoke  [steam]  as  out  of  a  seething 
pot  or  cauldron."  In  the  early  use  of  the  vessels  last  named,  and  before 
experience  had  rendered  the  management  of  them  easy  and  safe,  females 
w^ould  naturally  endeavour  to  prevent  the  savory  contents  of  their  pou 
from  flying  off" in  vapor;  hence  attempts  to  confine  it  by  covers;  and 
when  these  did  not  nt  sufficiently  close,  a  cloth  or  some  similar  substance 
interposed  between  it  and  the  edge  of  the  vessel,  would  readily  occur ; 
and  a  stone  or  other  weight  placed  upon  the  top  to  keep  all  tight  would 
also  be  very  natural.  Then  as  the  fluid  began  again  to  escape,  further 
efforts  would  be  mada  to  rctair.  it  by  additional  weights.  In  tliis  manner, 
doubtless  many  a  contest  was  kept  up  between  a  pot  and  its  owner,  till 
one  gained  the  victory  ;  and  we  need  not  the  testimony  of  historians  to 
determine  which  this  was.  In  those  times  it  was  not  generally  known 
that  a  bnilinjf  cauldron  contained  a  spirit,  impatient  of  control — that  the 
vessel  was  the  generator  of  an  irresistible  power,  and  the  cover  a  safety- 
naive  ;  and  that  the  preservation  of  tlie  contents  and  tlie  security  of 
the  operator  depended  upon  leiting  the  cover  alone,  or  not  overloading 

'  it  : — hence  it  no  doulit  often  ha|)ppned  that  the  confined  vapor  threw  out 
the  contents  with  violence,  and  then  it  was  that  primitive  cooks  began  to 
perceive  that  there  was  death  as  well  as  life  in  a  boiling  pot.  In  this 
manner,  we  suppose  females  were  the  first  exjieriraenters  on  steam,  and 
th<*  earliest  witnesses  of  steam  boiler  explosions. 
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Tlie  domestic  cxhihltinns  of  the  fnrco  of  steam  must  have  excited  tin 
Bttfiilioii  of  mccliaiiicliuis  in  uvery  age,  nor  coiiM  its  capabilities  of  ote^ 
coming  resistances  opposed  to  it,  have  escaped  them.  Thus  we  find  tlijl 
experimenters  are  almost  always  said  to  have  derived  the  first  hint  friw 
a  culinary  vessel  :  hence  tlie  Manjuis  of  Worcester,  according  to  a  titJi- 
lion,  had  Ills  attention  drawn  to  the  use  of  this  fluid  to  raise  water,  bj 
witnessing,  while  a  prisoner  in  the  Tower  of  London  the  lid  of  a  boikf 
thrown  o(i  hy  the  vapor — but  the  anecdote  is  of  much  older  date,  aiu] 
was  applied  to  many  others  before  his  time  as  well  as  since.  V'iiruviiti 
illujtrales  his  views  respecting  the  appearance  of  springs  on  muunlAina, 
by  a  cauldron  which,  he  says,  when  two  thirds  filled  with  water  and  hcU- 
ed  by  the  fire.  "  communicates  the  lipat  to  the  water;  and  this  on  account 
of  its  natural  porosity,  receiving  a  strong  inflation  from  the  heat,  not  only 
fills  tlic  vessel,  but  swelling  with  the  steam  and  raiting  the  roi-tr,  ovc^ 
flows,"  &c.  (Book  vill,  chap.  3.)  Such  occurrences  are  nature's  hinlJ, 
by  attention  to  which  impnrtant  discoveries  have  always  lx"«u  mailo. 
Even  when  people  in  former  limes  were  injured  by  the  explosion  of  » 
cauldron,  the  misliirtuiie  should  have  been  considered  as  an  iniluulinn  of 
nature  to  employ  the  fiirce  ihu'J  developed — and  also  as  a  pimishmcnt 
for  having  neglected  to  do  so.  Nay,  we  don't  see  why  such  occiirrencci 
may  not,  in  this  view  of  them,  be  considered  providential,  as  well  as  simi- 
lar onef,  which  theological  writers  avail  themselves  of,  to  establish  • 
similar  doctrine. 

There  are  intimations  that  the  elastic  force  of  steam  was  employed  by 
several  people  of  antiquity,  but  the  details  of  its  application  are  unfortu- 
nately not  known.  Some  relics  of  its  use,  as  well  as  that  of  heated  air, 
are  to  be  found  in  llie  deceptions  practiced  by  ihe  heathen  priesthood.  Its 
upplicatioii  for  similar  purposes  was  continued  till  comparatively  moiJem 
times,  for  it  was  the  animaling  princi|)le  in  the  eolipilic  idols  of  the  tniiidla 
ages ;  and,  from  an  incidental  notice  of  some  experiments  of  a  Greek  arcui- 
tect,  it  is  probable  that  the  trembling  of  die  earth,  and  other  horrors  exp« 
rienced  by  those  who  were  initiated  into  the  greater  mysteries  of  ancieiil 
worship,  were  also  effected  by  steam.  Artificial  thunder,  lightning  from 
the  vapor  of  inflammable  li<puds,  and  unearthly  music,  were  proijucod  by 
its  means.  Some  of  the  tricks  performed  by  ihe  Pythoness  anil  her  co- 
adjutors at  Del(ilios  seemed  to  have  been  matured  by  it.  The  famoug 
tripod  against  which  she  leaned  is  rt^presented  as  a  brazen  vessel  from 
which  a  miraculous  vapor  arose.  Steam  was  one  of  the  agents  of  decep- 
tion in  trials  of  ordeal.  Those  persons  condemned  to  undergo  that  of 
boiling  water,  were  protected  by  the  priests  (when  it  was  their  interest 
or  inclination  to  do  so)  by  admitting  a  concealed  stream  of  steam  into  the 
lower  part  of  the  cauldron  containing  tepid  water — the  consequent  agita- 
tion of  the  liquid  and  the  ascent  of  the  vapor  that  escaped  condensation 
presented  to  the  ignorant  and  unsuspecting  beholders  every  appearance 
of  genuine  ebullilion.  On  similar  occasions  air  was  forced  through  tiie 
liquid  in  the  dnrk  ages. 

Ancient  priests,  both  among  the  Jews  and  heathen,  were  from  their 
orditiary  duties  necessarily  conversant  with  the  generation  of  steam.  Its 
elastic  force  could  not  thereflire  escape  the  shrewd  ob.snrvers  among  them. 
Sacrifices  were  frequently  bniled  in  huge  cauldrons,  several  of  which  were 
permanently  fixed  in  the  vicinity  of  temples — in  "  the  boiling  places"  as 
their  locations  are  named  by  E^ekiel,  "  where  the  ministers  of  the  housa 
■hall  boil  the  sacrifice  of  the  people.''  (See  an  example  from  Herodinus 
at  page  200.)  It  would  seem  moreover  as  if  some  of  the  boilers  were 
made  on  the  principle  of  Pap'ii's  Digester,  in  which  bones  were  softened 
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by  *  high  steam* — al  any  rate  a  distinctiun  is  made  between  srrthing  potk 
and  cautdniDS,  and  from  the  manner  in  which  hulh  are  mentioned  tiiey 
•et-ra  to  ha\'e  been  designed  for  diffi-rfnt  purposes  ;  the  former  to  seetlie 
or  softun  bones,  tlic  latter  to  boil  the  flesh  in  only.  "  They  ronsted  the 
passover  with  fire,  hut  the  oilier  ofTerings  sod  they  in  pots  and  in  caul- 
drons." (2  Chr.  chap.  XXXV,  13.)  "Set  on  a  pot,  set  it  on,  and  also 
pour  water  into  it.  Gather  the  pieces  thereof  into  it,  even  every  pood 
piece,  the  tliigh  and  the  shoulder  ;  fill  it  with  the  choice  h.jnes.  Tt'xe 
the  choice  of  the  Hock  and  burn  [or  heap]  also  the  bones  under  it,  and  make 
it  l>oit  trrU,  and  let  them  seithe  the  hone*  of  it  therein."  (Ezek.  xxiv.  3,  5.) 
The  opinion  of  the  Jews  having  close  vessels  in  which  steam  was  raised 
higher  tlian  in  common  cauldrons  is  also  rendered  probable  from  the  fact 
that  the  Chinese,  a  contemporary  people,  employ  similar  ones,  and  which 
from  their  tenacity  to  ancient  devices  have  probably  been  used  by  them 
from  times  anterior  to  tho»e  of  the  prophet.  (Davis'  Chinese,  ii,  271. 
John  Bell's  Travels,  i,  296  and  ii,  13.) 

Similar  processes  have  been  common  with  chemists  in  all  ages,  in  the 
making  of  extracts,  and  sometimes  in  preparing  food.  There  is  un  ex- 
ample in  Porta's  Natural  Magic.  He  tells  us  (in  the  xiii  chap,  on  distil- 
lation) that  he  has  restored  persons  at  the  point  of  death  to  health  by  "  an 
essence  extracted  out  of  flesh."  He  directs  three  capons  to  be  dressed 
■nd  boiled  "  a  whole  day  in  a  glass  vessel  close  ilopt,  until  the  bones  and 
flesh  and  all  the  substance  be  dissolved  into  liquor." 

Some  of  the  ancient  philosophers,  who  were  close  observers  of  nature^ 
compared  the  earth  to  a  cauldron.  In  which  water  is  heated  by  inlernal 
fires;  and  they  explained  the  pihemonena  of  earthquakes  by  the  accumu- 
lation of  steam  in  subterraneous  caverns,  until  its  clastic  energy  rends  the 
superincumbent  strata  for  a  vent.  Vitruvius  explains  by  it  the  existence 
of  boiling  springs.  In  the  reign  of  Justinian,  Anthemius,  an  architect  and 
mathematician  illustrated  several  natural  phenomenally  it;  but  of  this  we 
should  probably  never  have  heard,  had  it  not  been  for  a  quarrel  between 
him  and  his  next  door  neighbor,  Zeno,  the  rhetorician.  This  orator 
appears  to  have  inherited  a  considerable  share  of  credulity  and  gupcrsli- 
tion,  which  gave  his  antagonist  the  advantage.  Antliemius,  we  are  in- 
formed, had  several  steam  boilers  in  (he  lower  part  of  his  house,  from 
each  of  which  a  pipe  conveyed  the  vapor  above,  and  by  some  mechanism, 
of  which  no  account  has  been  preserved,  he  shook  the  house  of  his  enemy 
as  by  a  real  earthquake-,  upon  which  the  frightened  Zeno  rushed  to  the 
senate  "  and  ileclared  in  a  tragic  style  that  a  mere  mortal  must  yield  to 
the  power  of  an  antagonist  who  shook  the  earth  with  the  trident  of 
Neptune." 

There  arc  reasons  for  believing  that  the  expansive  force  of  the  steam 
which  was  evolved  in  heating  the  immense  volumes  of  water  for  the  hot 
baths  at  Rome,  was  emjiloyeil  to  elevate  and  discharge  the  contents  of  the 
boilers.  Sir  W.  Gell  has  given,  in  his  Pompcinnn,  a  representation  of  a 
Bet  of  cauldrons  belonging  to  the  Thermtp,  at  Pompeii,  derived  from  im- 
pressions left  in  the  mortar  or  cement  in  which  they  were  embedded.  It 
would  seem  that  several  series  or  sets  were  used,  each  consisting  of  three 
dose  boilers  (in  shape  not  unlike  modern  stills,)  placed  directly  upon,  and 
connected  by  pipes  to  each  other.  The  manner  in  which  they  were  con- 
nected is  not  known;  Gell  says  by  a  species  of  siphon.  The  lowest 
boiler  was  tlie  largest  and  was  placed  directly  over  the  furnace;  and  lh» 
arrangement  was  such,  that  when  any  part  of  the  boiling  liquid  was  with- 
drawn, an  equal  quantity,  already  warmed,  entered  from  the  next  boiler 
above,  which  at  the  same  time  derived  a  supply  from  the  uppermost  one 
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this  last  being  always  kept  filleJ  by  a  pipe  from  the  aqueJuct  or  cute!* 
lum.  Remains  of  the  pipes,  cocks,  copper  flues,  &c.  have  been  i'ound  io 
■bunduncc,  but  the  details  of  tho  heating  apparatus  and  those  connected 
with  the  elevation  and  distribution  of  the  liquid  have  not  been  asceN 
tained  :  this  is  to  be  regretted  because,  from  the  number  atid  magnitado 
of  tlie  hot  baths  at  Rome,  the  operations  of  boiling  ami  dispersing  the 
water  must  have  been  conducted  on  a  scale  far  more  extensive  than  my 
thing  in  modem  times — the  most  extensive  breweries^  and  distitlerict 
not  excejileil.  Some  idea  of  the  operations  may  be  derived  from  the  fiict 
that  a  single  establishment  could  accommodate  two  thousand  persons  with 
warm,  or  rather  )iot,  baths  at  the  same  time.  Seneca,  in  a  letter  to  Liiia- 
lius,  says  "  there  is  no  difference  between  the  heat  of  the  baths  and  * 
boiling  furnace  ;'*  and  it  would,  he  observes,  apvenr  to  a  reasonable  nmn 
aa  a  sufficient  punishment  to  wash  a  condemned  criminal  in  them.  Tbii 
persons  who  had  the  charge  of  heating  in  close  vessels  and  dLstribuliog 
daily  such  large  (juantilies  of  water,  must  necessarily  have  lH?cn  conver 
sant  with  the  mechanical  properties  of  steam,  and  with  economical  model 
of  geserating  it.  In  some  cases  the  watx?r  was  heated  by  pa-ss-ing  ibrongh 
a  coiled  copper  tube,  like  a  distiller's  worm,  which  was  embedded  in  fire. 
We  have  previously  remarked  that  the  Romans  also  healed  water  hy 
tnakini^  it  pass  through  the  hollow  grates  of  a  furnace.  (See  Pompeii. 
\'ol.  i,  190,  and  Gell's  Pompeiana.) 

Besi<]es  the  various  appliciitions  of  heated  air  and  of  vapor  alroodv 
noticed,  there  is  in  jiroblem  XLV  of  Heron's  Spirilalla,  a  description  of 
a  close  boiler,  from  the  upper  part  of  which  a  current  issues  that  supports 
at  some  distance  above  the  boiler  a  light  ball  like  tlmse  that  are  made  to 
play  on  jets  of  water.  (See  the  annexed  figure.  No.  179.)  The  whir- 
ing  eolipile,  No.  180,  is  the  subject  of  problem  L — and  is  the  earliest 
'^presentation  of  a  machine  moved  by  steam  that  is   extant.      It  coiisisli 

of  a  small  hollow  sphere,  from 
which  iwn  short  tuljes  proceed 
in  the  line  of  its  axis,  aid  wbose 
ends  are  bent  in  opposite  direc- 
tions. The  sphere  is  suspend- 
ed between  two  columns,  their 
upper  ends  being  pointed  and 
bent  towards  each  otiier.  One 
of  these  columns  was  hollow  and 
conveyed  steam  froc  'he  boiler 
into  the  sphere,  and  the  escape 
of  the  vapor  from  the  small 
tubes  by  its  reaction  imparted  a 
revolving  motion  to  the  sphere. 
These  two  applications  of  steam 
have  been  considered  the  result 
of  a  fortunate  random  thought, 
which  Heron,  or  some  other  old 
mechanic,  stumbled  on  by  a  species  of  chance  medley,  whereas  they  cer- 
tainly indicate  an  intimate  though  it  may  be  a  limited  acquaintance  with  i 
I  he  mechanical  properties  of  that  fluid.  We  should  never  suppose  that  i 
l.his  elegHtit  application  of  the  jet  to  sustain  a  ball  in  the  air  was  the  fruit ' 
of  a  first  attempt  to  use  steam,  much  less  that  the  complex  movement  of] 
the  whirling  eolipile  was  another  thought  of  the  moment.  Did  any 
modern  experimenter  in  hydraulics  ever  hit  upon  the  suspension  of  a  bkT. 
by  a  jet  of  water  in  his  first  essays,  or  devise  Barker's  mill   at  a  sitting 
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^^Uiont  having  ever  beard  of  either  1  No  more  than  any  old  mechai.iclafl 
Pilfer  invented  ihe  above  before  experimentul  researches  on  steam  had  be- 
came familiar  to  him,  if  not  tti  his  contcnijiorarics.      Besides,    there   huve 
*!!  within  tJie  lust  half  century  nut  less  than  half  a  doieu  ptitcHti  taken 
for   rotarj    steam   engines   identical    in   principle   with    the   wliirling 
pile.     The  fact  seems  to   be  that  Heron  selected   the   two  devices 

I  above,  on  the  same  principle  as  the  rest  of  the  illusti-aiions,  i.  e.   such   as 
H^^is  judgment  would  be  the  most  interesting* 
^H' rom  a  remark  of  Vitruvius  in  the  first  bonk  of  his  Architecture,  chap.  6,      ■!  •    • 
'  'We  learn  that  those  portable  steam  machines  named  EolijiUm,  (from  Edus*"' 

Kgod  of  wind,  and  their  application  to  create  artificial  winds)  were  in 
[imon  use  in  his  time.  Speaking  of  the  town  of  Mytilcne,  he  oljserves 
t  the  inhabitants  were  subject  to  colds,  in  those  seasons  when  cer- 
tain winds  blew ;  and  which  might  have  been  in  some  degree  avoided 
by  a  more  proper  disposition  of  the  streets.  "  Wind,  [he  remarks]  is  only 
a  current  of  air,  flowing  with  uncertain  motion; — it  arises  from  the  action 
of  heat  upon  moisture — the  violence  of  the  heat  forcing  out  the  blasts  of 
air.  That  this  is  the  fact,  tJif  bras*  eolipile*  make  evident  ; — for  (he  op- 
erations of  tlie  heavens  and  nature  may  be  discovered  by  the  aclion  of 
artificial  machines.  Tl'me  briut  eo/i/tilef  are  hollow  and  hare  a  verif  nar 
row  ai'erture.  Ay  which  thvi/  areJiVed  with  water,  and  then  /ilaad  uu  the 
fire  : — hrfurr  thry  become  kol,  tJiry  emit  noefllitria,  but  as  sOoti  as  thr  wutri 
begins  to  boil,  t/wy  send  forth  a  vrhrinrnl  blast."  As  these  inslnitnenfj 
liave  been  adapted  to  a  great  variety  of  purposes,  ns  well  as  being  niti- 
Uely  connected  with  this  part  of  our  subject,  we  shall  nolice  ihein  with 
no  detail.  From  tlie  limes  of  Vitruvius  to  those  of  Des  Curies,  .ind  up 
llhe  present  century,  they  have  been  used  as  philosophical  inslrjnients 
f  illustrate  the  nature  of  winds  and  meteors,  as  well  as  for  olhei  scien- 
pursuits.  They  were  ti.sed  as  substitutes  for  bellows  in  blast  furna- 
and  ordinary  fires.  The  draft  of  chimneys  was  increased  by  means 
of  them.  They  were  made  to  produce  music  and  disperse  perfumes. 
They  constituted  the  distilHng  vessels  of  the  alchyrnists,  and  in  anc.iher 
form  were  employed  as  weapons  of  war,  and  were  even  deified  in  the 
ateam  idols  o(  o\A.  They  were  the  first  instruments  employed  to  .uiso 
water  by  steam,  and  the  first  to  produce  motion  by  it ;  and  hence  they 
constitute  the  germ  of  modern  steam  engines,  to  which  we  may  udu  that 
they  led  to  the  invention  of  steam  guns.  (See  Martin's  Philosopny,  vol. 
ii,  90.)  They  are  commonly  mode  of  i.-on.  brass,  or  strong  copper,  hav- 
ing a  short  neck  in  which  a  very  minute  opening  is  made.  In  order  to 
charge  one  with  water  (or  other  liquid)  it  is  placed  on  a  fire  until  nearly 
red  hot;  it  is  tlion  taken  off,  and  the  neck  placed  in  water  or  the  whole 
plunged  in  it,  which,  as  the  vessel  cools,  takes  the  place  of  the  uir  driven 

It  hy  the  heat.  It  is  then  placed  on  a  brazier  of  charcoal  or  other  fire 
til  steam  is  rapidly  evolved  and  discharged  with  violence  at  the  orifice. 
Vitruvius  has  not  mentioned  the  particular  purposes  for  whicn  eolipiles 
» t  used  by  the  Romans.  It  is  however  known  that  they  were  em- 
»yed  as  bellows  for  exciting  fires;  and  as  this  was  not  for  want  of  the 
let  instruments,  they  must  have  had   properties   which   rendered  them 

,  •  It  ill*  dancing  on  jcU  of  waiter  and  air,  were  a  rnvorite  nccompnnimiMil  o{  iIia  nld 
plait  wnKr  works,  and  hydranlrc  orann".  Ac.  ufllnly.  wlierp  tiio  rievice  ha»  (irohnliiy 
tn  in  ii-e  •inc«  ilie  times  ofilie  RejiiiMic  :  the  ninn<><ineut  ofciuldreii  with  peas  on 
3)e  end*  of  tolt.ic'cn  pi|»<8  or  rpeds  i»  in  iinilatinn  iif  it :  llit:  current  of  nir  blowo 
l^iroMfli  the  pf*r|>«*nflirM)ar  tube  keep^  the  tiny  frlnbe  Nome  inrlie**  above  the  urifiea 
wher;  it«  nii)liuu'<  varying  V'lli  the  rorce  of  tlie  cnrreut,  pnidnce  a  verv  afree.iMa 
oflcCL 
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prt^furuble,  on  some  occasions,  to  bellows.  One  perhaps  was  their  oc«i|. 
pylng  little  room  on  the  hearth  ;  and  another,  their  requiring  nn  nitcnjiint 
to  keep  ii|>  the  blast.  It  has  already  been  observed  (page  237-8.)  that 
human  bellows-blowers  formed  part  of  the  large  domestic  esiabli.<tlinii>iiii 
in  ancient  Egypt,  and  Nos.  103  and  104  of  our  illustrations  rcprewiit 
(oiuc  at  work  in  one  of  the  kitchens  of  the  Pharaohs.  The  practice  waj 
probalily  common  among  all  the  celebrated  nations  of  old.  and  we  know 
that  il  was  continued  in  Europe  till  the  sixteenth  century  if  not  l»ti>r. 
To  supersede  these  workmen  might  therefore  have  been  one  reasfni  for 
the  employment  of  enlipiles. 

In  a  Lalm  collection  of"  EmUrmn  human  and  divine,"  (Prague,  1601.) 
there  is  a  device  of  one  of  the  old  Couiits  of  Hapsburg,  which  cnnsiiU 
of  a  blowing  colipile  with  a  stream  of  vapor  issuing  from  it,  am]  tlie 
motto  Lavux  Juvo.  (Vol.  ii,  372.)  The  same  device  is  also  given  in  a 
treatise  on  Heroic  Si^mlioLi,  Antwerp,  1634.  Hence  this  ancient  domes- 
tic instrument  svas  adopted  on  such  occasions  as  well  as  the  bellows, 
syringe,  watering  pot,  &c. 

Rivius  in  commenting  on  the  colipiles  mentioned  by  Vitruvius  dcscrihei 
those  in  use  in  his  own  time,  (A.  D.  1548.)  and  gives  several  figures,  from 
which  we  have  selected  the  fir^t  three  of  the  following  ones. 

EollpilM,  from  Riviuk  mud  CardJio. 
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No.  184. 


Rivius  names  them  "  wind  Iiolders"  and  "  fire  blowers."  He  says  ihev 
were  made  in  various  shapes  and  of  different  materials,  and  were  used 
"to  blow  the  fire  like  a  pair  of  bellows."  Some,  designed  for  other  pur- 
poses, that  will  presently  be  mentioned,  were  mudc  of  gold  or  silver  and 
richly  ornamented,  as  represented  above.  At  a  subsequent  period  of  the 
sixleenlli  century,  Cardan  gave  a  figure  of  one.  (See  No.  1S4.)  Fludd, 
Puna  and  other  old  writers  also  describe  them.  The  latter,  in  Ixiok  xix, 
chap.  3,  of  his  Natural  Magic,  speaks  of  them  na  used  in  houses  to  blow 
fires.  Sir  Hugh  Platte,  in  1.594,  published  a  figure  and  description  of 
"  a  roundc  iiall  of  copjier,  or  latton  [brass"]  that  blows  the  fyre  verie 
Btmnsliu  by  the  attenuation  of  the  water  into  ayre." 

Bishop  Wilkins,  in  liis  .Mathematical  Magic,  (published  in  1648)  speaks 
of  eolipiles  as  then  common.  They  are  made,  he  observes,  "  of  some 
such  tnaterial  as  may  endure  the  fire,  having  a  small  hole,  at  which  ihej 
are  filled  with  water,  and  out  of  which  (when  the  vessels  arc  heated)  the 
air  doth  issue  forth  with  a  strong  and  lasting  violence.  These  ore  Jre- 
quenUy  u.ted  for  the  exciting  and  contracting  of  heat  ti»  </te  melting  of 
gliiKseg  or  mctah.  Thoy  may  also  be  contrived  to  be  serviceable  for  «aa- 
dry  other  pleasant  uses,  as  for  the  moving  of  sails  in  a  chimney  comer, 
the  motion  of  which  sails  may  be  applied  to  the  turning  of  a  spit,  or  llur 
like."  (Book  ii,  chap.  1.)  KIrcher  has  given  a  fi^re  oi  an  eolipile 
turning  a  joint  of  meat,  (<is  indicated  by  '^e  Bishop)  in  the  first  volutnf 
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kia  .ir«»i<?«M  SubffrraneKs,  page  203.)  Wo  do  not  remember  to  have 
with  a  figiirf  or  an  eolipile  applied  to  tlie  fusing  of  glass  or  tnetal, 
ept  in  the  Ju/a  Suhlerranea  of  Lnzarua  Erckers  (or  Erckeni)  on  Me 
''gy.  published  in  German,  in  1672,  and  which,  like  thiit  of  Agrico'.a 
lustr:»ted  with  numerous  cuts.  The  author  was  superintendent  of  the 
rs  of  Hungry,  Germany,  and  the  Tyrol,  under  three  Empi-rors,  and 
work  is  siiid  to  contain  every  thing  necessary  to  be  known  in  the 
iving  of  metals.     The  annexed  figure  is  copied  from  die  fifth  edition, 

(with  notes)  published  ai  Friinkfurt.  on 
the  Mayn,  in  1736.  It  is  named  Eine 
tupffeme  liugcl  dnrinn  tcaxner  i.it,  icird 
vberajcvcr  gesekt,  und  an  statt  Eincs 
blaa-halgn  gvbraachf,  and  is  represented 
as  smelling  copper  ore  in  a  cupelo  fur- 
nace. Erckers  has  figured  it  twice— 
at  pages  1  and  136. 

It  is   not  a   little   singular  that  this 
mode  of  increasing   the    intensity   of 
fires  by  a  jet  of  sleam  directed  into  the 
burning  fuel  has  recently  been  putont- 
ed  both  in  this   country  and   Europe. 
It  does  not  however  appear  to  have 
answered  the  expectations  formed  of 
it,  since  it  has  never  come  into  general 
use,  nor  are  we   aware   that  it   is   at 
present  employed  at  all.     Two   obvi 
ons  discrepancies  between  ancient  and 
iem  applications  of  steam  for  such  purposes  may  hero  be  noticed,  sinct 
will,  we  think,  account  for  the  failure  of  the  latter :  one  is  in   tho 
jre  of  the  fuel — the  other  in  the  temperature  of  the  blnst.     In  ihe  old 
piles,  the  sleam,  having  but  a  very  minute  passage  through   which  to 
»pe,  was  niised  to  a   tempemlure   which   far  exceeded  that  which  is 
pt^^ted  in  ordinary  steam  engine  boilers — the  vapor  was  jierfectly   in- 
j|e,  tmd  its  escape  only  known  by  the  sound  of  the  blast,  and  its  cflect 
fire.    But  in  late  experiments  the  current  consisted  of  steam  loaded 
with  moisture — a  mass  of  afjueous  globules  poured  into  the  fire,  itistead  of 
the  rarefied  and  glowing  aura  that  rushed  with   such    impoluous  velocity 
from  eolipiles.      The  powerful  effect  of  the  latter  on   fires  of  wood    and 
^^•rcnal  is  unqiteslionable,  but  the  results  of  similar  blasts  on  other  kinds 
^■jbel  (ns  stone  coal)  has  not  yet  we  lielieve  been  sufficiently  ascertained. 
P|mtther  difference   consisted   in   tho  dimensions  of  the   volumes  of  the 
blasts  : — the  one  fro^"  the  eolipile  was  small   and   compact — that   of  the 
other  Inrge  and  diffVise,  a  circumstance  that  may  account  still  further  for 
the  difTerent  results;  for  it  should  be  remembered  that  in  using  an  eolipile 
it  is  not  the  jet  of  sleam  alone  that  is  impelled   against   the   burning   fuel, 
hot  a  volume  of  atmospheric  air  is  set  in  motion  by  the  blast  and   carrier 
into  the  fire  along  with  it :  the  same  thing  takes  place  in  using  a  commoji 
bellows,  more  air  being  forced  against  the  fire  than  whnt  issues  from  the 
uoxste  ;  and  hence  as  the  velocity  of  the  jet  from  an  eolipile   was   much 
greater  and  the  jet  itself  smaller  than   those  of  modem   applications  of 
■team  for  the  same  purpose,   a  much   larger  proportion  of  air  was  also 
borne  along  with  it     It  13  proLablc  that  on  particular  occasions  the  an- 
cients filled  theiii  with  oil  or  spirituous  Jiquors  instead  of  water,  in  order 
pioraof?  a  more  rapid  combustion. 

idea  of  increasing  the  heat  of  fires  by  water  is  very  old.     Plin* 
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Mj"*  tliat  charcoal  which  has  been  wetted  gives  out  more  heat  'han  dn| 
which  is  nlwavs  kept  dry.  (Nal.  Hist.  B.  xxxiii,  cap.  5.)  Dr.  Frjer 
gpcuki  of  "  wKlf!r  cast  on  sea  coal"  rendering  the  heat  more  ititiMtK. 
(Tnivels,  Lon.  1698.  p.  200.) 

If  there  was  no  evidence  that  eolipiles  had  been  motilded  into  variom 
shapes  of  men,  animals,  lie.  we  might  have  concluded  that  such  wis  tlie 
fact  from  what  is  known  of  the  pnictice  of  the  ancients.      Whenever  ilic 
desifjn,  action  or  movement  of  a  machine  or  im[)lem-Mit  corresponded  it 
all  willi  those  of  men,  it  was  sure  to  resemble  them  in  form,  if  its  use  could 
possilily  admit  of  it.      The  taste  for  such  things   was    universal   in   former 
times,  und  is  lo  a  certain  extent  indulged   in   all  times.     It  seems  inhe- 
rent in  savage  people ;  hence  their  grotesque  and  monstrous  statues  or  idnis, 
speaking  heads  and  other  androidii  of  the  old  tnechiiiiics.     There  has  in 
•fact  always  been  a  predominating  disposition  to  imitate  the  human  firm; 
and  in  accordance  with  it,  eolipiles  wore  made  to  assume  the   figures  of 
men,  iioys.  Sec.  the  blast  escaping  from  the  eyes,  mouth,  or  other  parts  of 
the  figure.     Even  so  late  as  the  seventeenth  renttiry  we  are  tolil  that  "to 
render  eolipiles  more  agreeable,  they  commonly  make  them   in   the  form 
of  a  head,  with  a  hole  at  the  mouth."    (Oz.inam's  Mathematical  and  Phy- 
lir.al  IlecriafioN.i,  English   translation,    London,    I70S,   419.)      It   was  in- 
deed natural  thai  these  machines  should  be  mode  to  resemble  figures  of 
the  god  from  whom  they  were  named.     An  old  one  is  described  in  the 
Encyclopedia  of  Antiquities  as  "  made  in  the  shape  of  a  short   fttt  man 
with  very  slender  arras,  in  a  curious  wig,  cheeks  extremely  swollen,  a 
bole  behind  for  filling  it,  and  a  small  one  at  the  mouth  for  the  blast." 

Most  readers  are  aware  that  tenures  by  which  lands  were  held  in  the 
middle  ages  were  often  based  on  the  most  trifling  and  ridiculous  const- 
derations.  Camden  has  noticed  a  great  number  in  his  IJritiannia,  and  in 
the  description  of  the  county  of  SuflTolk,  there  is  one  which  seems  to  have 
had  reference  to  the  employment  of  an  eolipile ;  but  whether  it  had  or  not, 
there  is  in  Dr.  Plott's  History  of  Shropshire  an  account  of  one  of  the9« 
"merry  tenures"  in  which  blowing  the  fire  with  an  eolipile  formed  pari 
of  the  duty  required.  The  instrument  was  of  the  humiin  form  and  de- 
6i^n:it>;;d,  like  many  other  domestic  utensils,  by  the  soubriquet  *' JarJt." 
"  Jnok  of  Hilton,  a  little  hollow  image  of  brass,  about  twelve  inches  high, 
with  liis  ri^lit  hand  on  his  head  and  his  left  on  pego,"  blows  the  fire  in 
HiltiHi-liiill  every  new  year's  day,  while  the  Lord  of  Essingtoii  drives  a 
goose  three  times  round  it,  before  it  is  to  be  roasted  and  eaten  by  the 
Lord  of  Hilton  or  his  deputy.  In  some  accounts  it  is  stated  that  the 
image  lilow  the  fire  while  the  goose  w.is  roasting,  which  is  more  proba 
bio  iliiin  the  olher.  The  custom  is  supposed  to  have  been  continued  at 
Hilton-hall  from  the  tenth  or  eleventh  to  the  seventeenth  century.  Thil 
image  is  considered  by  some  writers  as  an  ancient  idol. 

From  the  above  use  of  eolipiles  it  will  be  perceived  that  there  it  a 
similar  analogy  between  thein  and  machines  to  raise  water  by  steam,  as 
between  pumpo  and  bellows;  every  device  for  blowing  a  fire  having  oeen 
Used  to  raise  liquids. 

It  will  readily  bo  ima.gined  that  these  blowing  images  offered  too  maoT 
advantages  to  escape  bi'ing  pressed  into  the  secret  services  of  the  temples, 
even  supposing  they  did  not  originnle  in  them.  By  charging  the  interior 
with  dilTerent.  fluMa  the  results  coulj  be  varied  according  to  circum- 
stances, and  if  an  intiarnmrible  linuid  was  employed,  as  oil,  spirits  of  wine, 
turpentine,  &c.  &c.  streams  and  flashes  ^f  fire  could  be  ma<le  to  eho<rt 
from  any  or  every  part  of  the  figure.  Enough  is  known  to  convince  ui 
that  such  things  were  often  done.     Notwithstanding  all  the  care  of  ih* 
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old  priesu  ro  conceal,  and  wlien  concealment  was  imprmcficable  to  dci- 
troy  their  Of^paratiis,  some  specimens  of  their  machinery  havu  come  down, 
In  the  fifteenth  or  early  part  of  the  sixteenth  century,  an  eolipilic  idol  of  ' 
the  ancient  Germans  was  found  in  making'  some  excavations,  and  is  we"" 
believe  still  extanL  A  figure  of  it  is  inserted  in  the  second  volume  of 
Montfiucnn's  Anticjuities.  It  is  made  of  a  peculiar  species  of  Vjronze  and 
is  between  three  and  four  feet  in  height,  and  the  bojy  two  ami  a  half  in 
circumference.  Its  appearance  is  very  uncouth.  It  is  without  drapery, 
with  one  knee  on  the  irround,  the  right  hand  on  the  head,  and  the  left, 
wltich  is  broken  off,  rested  upon  the  thigh.  The  cavity  for  the  liquid 
holds  about  seven  gallons,  and  there  are  two  openings  for  the  escape  of 
the  vapor,  one  at  the  mouth  and  the  other  in  tlie  forehead.  'ini-se 
openings  were  stopped  with  plugs  of  wood,  and  the  priests  had  secret 
means  of  applying  the  fire.  It  appears  from  Weber  and  oilier  Gcnnan 
■writers  on  the  subject  tliat  this  idol  .was  made  to  express  various  passions 
of  the  deity  it  represented,  with  a  view  to  extort  offerings  and  sacrifi- 
ces from  the  deluded  worshippers;  and  that  the  liquid  wa.i  inflammable. 
Wlien  the  demands  of  the  priests  were  not  complied  with,  the  ire  of  the  god 
was  expressed  by  sweat  (steam)  oozing  from  all  parts  of  his  body  ;  and 
if  the  people  still  rerrained  obdurate,  his  fury  became  terrililc  :  murmurs, 
bellowings,  and  even  thunderlxihs  (the  wooden  plugs)  burst  from  him ; 
flashes  or  streams  of  fire  rushed  from  his  mouth  and  head,  and  presently 
he  was  enveloped  'n  clouds  of  smoke;  when  the  people,  horror  stricken, 
consented  to  comjily  with  the  rc(]ui»itions.  It  is  very  evident  from  the 
accounts  that  the  priests  had  the  means  of  rapidly  increasing  or  diminish- 
ing the  intensity  of  the  fire,  as  the  disposition  of  the  worshippers  required 
the  idol  to  express  approbation  or  displeasure,  h  further  apjH-ars  that  the 
munks  in  the  middle  ages  made  use  of  this  idol,  and  found  it  not  the  least 
effectual  of  their  wonder-working  machines.  It  was  in  fact  in  tliis  man- 
ner chiefly  that  (he  great  body  of  ecclesiastics  then  maintained  their  in- 
fluence over  the  multitude.  The  very  same  devices  which  their  prede- 
ccss<:rs  had  found  effectual  in  the  temples  of  Osiris,  Ceres,  and  Bacchus, 
were  repeated  ;  and  such  images  of  the  heathen  gods  and  goddesses  u 
had  escaped  destruction  were  mnverteJ  into  thoie  of  Chrinian  saints, 
and  being  repaired  were  made  to  perform  the  same  miracles  which  they 
had  done  before  in  pagan  Greece  and  Rome.  Mor.ks,  as  we  have  l)pfore 
observed,  were  then  the  most  expert  mechanicians,  and  some  of  their 
most  elaJKirate  productions  were  imitations  of  ancient  aniiroidii — and 
the  speaking  heads  of  Bacon,  Robert  of  Lincoln,  Gerbert  and  Alliertus, 
were  considered  proofs  of  an  intercourse  subsisting  between  their  owners 
and  spirits,  as  much  so  as  in  the  cases  of  Orpheus  and  Odin,  and  other 
magicians  of  old. 

The  name  of  the  GJt-rman  idol  is  written  differently  :  Puster,  Fluster, 
Pluslerich,  Buestard,  Busterich,  are  all  names  given  to  it  and  the  deity  it 
represents.  The  name  is  said  to  be  derived  from  the  Saxon  verb  puxten, 
to  blow — nr  puster,  a  bellows  :  this  shows  its  connection  with  the  eolipile 
as  a  "  fire  blower  :  and  it  is  probable  that  from  these  eolipilic  idols  the 
term  Xnlixt,  "  a  pretender  to  inspiration,"  is  derived,  (tsee  Dictionary 
Trevoux.  Art.  Puster.)  This  anc-ent  steam  idol  was,  A.  D.  1546,  placed 
for  safe  keeping  in  the  fortress  of  Sanderhausen,  where  it  rcmainca  dur- 
ing the  last  century. 

How  singular  that  steam  should  have  been  among  the  motive  agents 
of  the  most  ancient  idols  of  Egypt  (as  the  Statue  of  Memnon  ntid  others) 
end  in  some  of  the  deified  images  of  Europe  )  That  it  shouh!  formerly 
have  been  employed  with  tremendous  effect  to  delude  men,  to  lock  them 
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in  ignorance  ;  while  it  now  contributes  so  largoly  to  enligVif en  and  henoHt 
"latikind.  These  instances  of  eorly  applications  ofstcfmi  mnke  ns  regret 
ihat  detailed  descriptions  of  the  vui  lous  apparatus  have  not  been  preserved. 
Many  ingenious  devices  were  evidently  employed,  and  althouijh  we  con- 
demn the  contrivers  of  such  as  were  used  (or  purposes  of  delusion,  we 
cannot  but  admire  the  ingenuity  which  even  these  men  displayed,  iu  ex- 
hibiting before  u  Ijarbarous  people  their  i^ods  in  the  most  imposing  msD- 
ner  and  with  such  teniKc  ett'ect — in  making  idols  express  by  means  of 
steam  approbation  and  anger  with  the  voice  of  thunder  or  tlie  hissing 
of  dragons,  and  causing  them  to  appear  and  disappear  iu  clouds  of  smoke 
and  sheets  of  (lame. 

It  is  probable  from  the  antiquity  of  these  idols  and  of  eolipiles  that 
allusions  to  both  might  be  found  in  the  Bible.  May  not  such  expre!.sioni 
as  "  the  blast  of  his  mouth,"  "  the  blast  of  the  ternble  ones,''  "  the  blast 
of  his  nostrils,"  &c.  have  reference  to  eolipiles  or  steam  idols  of  old  I 
"  Their  molten  images  [says  Isai.ih]  are  wind  and  confusion."  Hospita- 
bly receiving  :i  traveler  into  the  house  during  a  storm,  and  protecting 
him  from  the  inconvenient  heat  of  the  fire  when  urged  by  an  eolipile,  may 
be  alluded  to  by  the  same  prophet  in  the  following  passage  :  "  Thou  hut 
been  a  strciigtli  to  the  poor,  a  strength  to  the  needy  in  his  distress,  a  re- 
fuge from  the  storm,  a  shadow  from  the  heal  when  the  blast  of  the  terriblB 
ones  is  as  a  storm  against  the  walls."  The  expressi()n  'terrible  ones,' 
probably  referring  to  the  hideous J'nrmt  into  which  we  have  already  seen 
those  blowing  instruments  were  moulded.  Eolus  the  god  of  winds  was 
represented  "  with  swoln  cheeks,  like  one  who  with  main  force  blows 
a  blast,  with  wings  on  his  shoulders  and  a  fiery  countmaiice."  Idols 
were  always  made  of  a  terrific  form,  and  are  so  made  by  barbarous  peo- 
ple at  the-j)resent  day.  When  (.rod  is  personified  as  hluwin!;  on  the  firt, 
IS  there  not  an  allusion  to  th'>sc  instruments  J 

j!<usebius,  in  the  third  book  of  his  life  of  Constantinc,  says  that  when 
images  were  subverted,  among  other  things  found  in  some  of  them  wero 
"  small  faggots  of  sticks" — perhaps  the  remains  of  fuel  employed  to  raise 
steam  in  them.' 

From  the  observation  of  one  of  the  early  travelers  into  the  East,  il 
■eems  thnt  eolipiles  were  employed  even  in  war  and  with  great  effect 
Carpini,  in  the  account  of  his  travels,  A.  D.  1286,  describes  a  species  nl 
eolipile  of  the  human  form,  and  apparently  charged  with  an  intlummahlg 
liquid,  as  having  l>Ren  used  in  a  battle  between  the  Mongals  am]  the 
tro<ip3  of  Prester  John.  The  latter,  he  says,  caused  a  number  of  hnllnw 
figures  to  ho  made  of  copper,  which  resembled  men,  and  being  ciiargcd 
witii  some  combustible  substance,  "  were  set  upon  horses,  each  ha\-ing  a 
man  behind  on  the  horse  with  a  pair  of  bellows,  to  stir  up  the  fire. 
When  approaching  to  give  battle,  these  mounted  images  were  first  sent 
forsvard  against  the  enemy,  and  the  men  who  rode  behind  set  fire  by  sora« 
means  to  the  combustibles,  and  blew  strongly  v.'ith  their  bellows ;  and  the 
Mongal  men  and  horses  wero  burnt  with  wild  fire  and  the  oir  was  dark- 
ened with  smoke."''  Supposing  these  eolipiles  to  have  been  charged 
with  alcohol  or  spirit  of  wine,  they  must  have  been  (aa  we  see  they  were) 
of  terrible  efiect,  since,  as  modern  experiments  show,  a  jet  of  flame  from 
each  might  have  extended  to  a  distance  of  twenty-five  or  thiiay  feet. 

Besides  blowing  directly  upon  or  against  a  fire,  eolipiles  were  emplojej 
to  tncrrase  the  thafl  of  chimneys,  for  which  purpose  the  jet  rose  perpen- 
dic.llarly  from  the  centre  of  the  dome,  as  in  No.  181.     One  or  two  sterid- 
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I  tug  an  the  lic«rth  and  faeatej  by  tlie  fire,  close  to  which  they  *cre  placed, 
»he<l  throii>^i  iho  orifice  and  drove  the  smoke  Defuro  it ;  ntvl 
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^^Phe  same  lime  induced  a   current   of  utmosplioric    air   tn  follow   iu   th" 
^Mtne  direction.     Sometimes  those  designed  for  liiis  purpose  liad  a  iiandK 
or  l>ail  to  suipend    them  over  the  fire,   as    No.   163.      As  Severn]    nnrieni 
domestic  customs  slill  prevail  in  Italy,  and  numerous  culinary    and    other 
'  implements   found  in  Hcrculaneuni  and  Pornj)eii  are  similar  to  those  now 
used,  it  might  be  supposed  that  some   relics   of  eolipiles   and   their  uses 
I  would  be  still  tnet  with  in  that  country.      The  supposition  has  been   veri- 
fied ;   for  we   are   informed   that  these  instruments  are,  or  were  in  the 
seventeenth  century,  "  commonly  made  use  of  in    Italy    to   cure    smonky 
chimneys,  for  being  hung  over  tlie  fire,  the  blast  arising  from  them  carries 
up  the  loitering  smoke  along  with  it" — and  again,  "  an  eolipile    has   been 
sometimes  placed  in  a  chimney  where  it  can  be  heated,  tlie  vapor  of  which 
serves  to  drive  the  smoke  up  tie  chimney."     This  ajiplication   of  stenm, 
if  will  he  perceived,  is  similar  to  that  lately  adopted  to  increase  the  drafl 
chimneys  of  locomotive  carriages. 

~irius  mentions  another  use  of  eolipiles.  He  says  some  were  made 
ot  gold,  silver  and  other  costly  metals,  and  were  filled  with  scented 
water.  "  to  cause  a  pleasant  temperature,  to  refresh  the  spirit  and  rijoire 
llie  heart,  not  only  of  the  healthy  but  also  of  the  sick."  He  observes 
j  thai  they  were  used  for  these  purposes  in  the  halls  and  chambers  of  the 
.  wealthy.  Rheiianus,  an  old  German  writer,  who  died  in  15-17,  enumera- 
ting (he  treasures  belonging  to  the  ancient  cliurch  at  Mentz,  mentions 
eolipiles  in  the  form  of"  silver  cranes,  in  the  belly  of  which  was  j'ut  fire" 
and  which  gave  out  "  a  sweete  savour  of  perfumes  by  the  open  benke." 
Seneca  has  observed  that  perfumes  were  sometimes  disseminated  in  the 
amphitheatres,  by  being  mixed  with  boiling  water,  so  that  the  odor  rose 
»nd  was  diffused  by  the  steam.  We  learn  from  Shakespeare  that  perfum- 
ing rooms  was  common  in  his  time,  the  neglect  of  cleanliness  rendering 
fuch  operations  necessary.  It  is  probable  that  he  refers  to  the  some  pro- 
t:e««  as  that  mentioned  by  Rivius.  •'  Being  entertained  for  a  perfumer, 
ts  I  was  smoking  a  room."  "  Much  a<h>  about  Notliins"  Art  1,  tiicm  3, 
Eolipiles  were  also  employed  to  produce  music.  By  adapting  tnini- 
pels.  flutes,  clarionets,  and  other  wind  msfrutnents  to  the  neck  or  orifice 
of  one,  they  were  sounded  as  by  currents  of  air.  This  application  of 
eolipiles  is  probaMy  cot^val  with  their  invention.  It  is  indeed  only  a 
variation  «>f  the  su[>i>osed  musical  apparatus  of  the  Mfinnonian  Statue, 
and  of  the  devices  described  by  Heron.  All  the  old  writers  on  eolipiles 
mention  it.  Fliidd  figur<'s  a  variety  of  instruments  sounded  by  currents 
of  steam;  and  Rinus,  after  noticing  the  use  of  eolipiles  for  blowing  fires 
and  fumigating  rooms,  observes  "they  are  also  made  to  produce  music, 
the  steam  p.\5sing  through  reeds  or  organ  pipes,  so  as  to  cause  astonish- 
ment in  those  who  have  no  idea  of  such  wonderful  operations."  Gerbert 
applied  eolipiles  iti  place  of  bellows  to  sound  an  organ  at  Rheims  in  the 
tenth  century  ;  and  tlie  instrument  according  to  William  of  Malmsbury 
was  extant  two  hundred  years  afti-rwards.  (During  the  middle  ages, 
the  churchmen  were  the  only  organ  makers ;  and  even  so  late  as  the 
■ixteenth  century,  they  retained  the  manufacture  chiefly  in  their  own 
hands:  in  the  household  book  of  Henry  VIII.  mentioi.  is  made  of  two 
payments  of  ten  pounds  each  to  John,  or  "  Sir  John,  the  organ  maker," 
t  of  whom  the  editor  says,  '  it  is  almost  certain  that  he  was  a  priest.') 
^Mffhe  preceding  notice  of  eolipiles  is  due  to  them  as  the  true  germ  of 
^Bdern  steam  engines,  for  such  they  were,  whether  the  latter  be  cor«ider- 
e<!  81  devices  for  raising  water  only,  or  ai  machines  to  move  others.    We 

61 


402 


Appti/vtioni  of  SU-am. 


rn.H.v  IV 


have  ioon  that  the  oldosl  apparatus  moved  by  steam,  of  which  thfre  u 
anv  accmint,  wis  an  colinilc  suspemicd  on  its  axis,  at  onw  Lxjlh  boiki 
and  engine.  (No.  130)  and  we  sliall  find  lliat  the  first  attempta  to  nm 
water  liy  the  same  fluid  were  made  with  the  same  inslrumenls.  Indeed, 
all  the  c'lrly  experiments  on  steam  were  made  with  eolipiles,  and  all  tlit 
first  Bicam  machines  were  notliing  else. 


CHAPTER    IV. 


Employment  or  ilcain  in  Tonner  Umffi — riaiini  of  r&rioui  peoplo  t»  the  •taftoi  an^lDo— AppUottH 
of  vteatn  ajt  a  molire  Hf  rnt,  pnrceiVDtt  liy  flo|;rr  Racod — Ollivr  mwlnrn  InTcnticni  and  illarorvriM kMtl 
to  him — S*paiitili  atcam-ihip  la  1-^43 — Official  iIouuwcdu  relatinf  to  il— Remark*  oh  tltCMr — Aaliqai\]r  af 
paddle -whrcN  aa  prop«Ikra — Project  of  tlifl  author   for  propelling  veoaeli — Espeniueal*  oa  alaaa 
In  lbe«iite«Qth  century  ^-Jerome  Cardan — Vucnuni  rnrmeil  by  the  condrtiaatloo  of  tiejm,  known  tolka 
Alchymiati — experiment*  IVom  Fludd — Other*  from  f*urin — £x)i«n*ive  Torre  of  fteain  illuatrated  byaM 
author* — liilere*(inf  example  of  raiftiiig  water  by  *team  from  I'oria — Mathe*ln»,  Carnal  ami 
Device  for  miKioghot  wuler  front  Deraua — Invention  of  the  ateam  eniiiae  claltocd  by  An*an  for 
Nothing  new  in  tbe  apparnlu*  of  tiecuu*,  nor  in  the  principle  of  It*  operation — Hot  tpniip* — Ge.**aie 
Boiler*  with  tubular  *pniil* — Ki>lipile* — ObMirrallon*  on  Decaiu — Writliif*  of  Porta — C'alni*  of  ir.49 
In  behalf  of  Decnu*  uilt^nable — lufllance*  of  hot  water  ralved  by  vteam  iu  the  arta^Maoufacturr  of  *oap- 
Dlkcovrry  of  iodine — Ancient  *onpiuakera— Soap  vat*  in  Pompeii.— Manipulation*  of  ancieut  mcchaaica 
Loaa  of  ancient  writing* — Large  aum*  anciently  expended  on  aoaiy^l^gic  of  Omar. 


It  will  h!i%c  been  perceived  from  the  preceding  chapter  that  eolip'.lcH 
for  blowing  fires  and  for  other  purposes  were  formerly  common,  and  conse- 
quently ihiit  people  were  familiar  with  the  generation  of  steam,  and  o" 
high  steitm  too,  long  before  modern  steam  engines  were  known.  Of  ihi 
amplications  of  this  fluid  to  produce  molion  or  rni.se  liquids,  during  th« 
long  period  that  intervened  between  the  time  of  Heron  and  the  introduc- 
tion of  printing  into  Europe,  scarcely  any  thing  is  known  ;  yet  there  can 
be  no  tlouht  that  it  was  occasionally  used  to  a  limited  extent  for  one  pur 
pose  or  the  other,  and  perhaps  for  both. 

As  tlic  origin  and  early  progress  of  the  steam  engine  are  necessarily  c«i>  ^ 
nected  with  this  part  of  our  siilijecl,  the  inquisitive  reader  will  not  obj(*ct^ 
to  dwell  a  liitle  upon  it,  alihough  some  parts  of  the  detail   do  not  relmt« 
directly  to  the  elevation  of  litpiids. 

From  the  important  and  increasing  influence   of  the   steam   engine  oa 
human  affairs,  a  controversy  has  arisen  between   writers  of  different  n«wj 
tlons  respecting  the  claims  of  their  countrymen  to  its  invention  ;  and  soi 
acrimonious  feelings  have  been   displayed.     This   is  to   be  regretted 
fostering  prejudices  and  passions  which  it  is  the  province  of  philosopher 
to  eradicate — not  to  cherish.     National   vauntlngs   may   form   articleg  i 
the  creed,  as  they  are  made  to   contribute   to   the   capital   of  politician* 
but  should  find  no  place  in  that  of  a  savan.     Philosophy,  like  ChristiaoitVi 
contemplates  mankind  as  one  family,  and   recognizes  no  sectional   lH>ast>1 
ing.     Neither  science  nor  the  arts  are  confined  bv  degrees   of  longitudi 
nor  are  the  scintillations  of  genius  to  be  measured  by  degrees   fmm   t 
equator.     As  in  the  republic  of  letters,  so  in  that  of  science  and  the  ntu. 
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geographical  distinctions  respecting'  the  a>)0(le  of  its  citizens  shiruld  be 
unknown. 

A  lew  scattered  relics  of  ingenious  men  who  flourished  in  the  dark 
afTPS  are  still  extant,  which  serve  to  convince  us  that  experimentnl  re- 
searches of  some  of  the  monks  and  other  ardent  inquirers  aflor  knowledge 
in  those  times  were  more  extensive,  an-l  evinced  a  more  thorough  ac- 
quaintance with  the  principles  of  natural  philosophy,  than  is  generally 
surmised.  The  following  remarks  of  Roger  Bacon  are  an  inftancc.  From 
ihem  wc  may  safely  infer  that  he  was  aware  of  the  elastic  force  of  steam 
and  its  applicainlity  to  propel  vessels  on  water  and  carriages  on  land. 
That  he  was  acquainted  with  gunpowder  is  generally  admitted,  and  ic 
would  seem  that  neither  diving  bells  nor  suspension  bridges  escaped  him: 
••  Men  may  construct  for  the  wants  of  navigation  such  machines  that 
the  greatest  vessels,  directed  by  a  single  man,  shall  cut  through  the  rivers 
and  seas  with  more  rapidity  than  if  they  were  propelled  by  rowers; 
chariots  may  be  constructed  which,  without  horses,  shall  run  with  immea- 
surable speed.  Men  may  conceive  machines  which  could  bear  the  diver, 
without  danger,  to  the  depth  of  the  waters.  Men  conld  invent  a  multi- 
tude of  other  engines  and  useful  instrumental,  such  as  bridges  that  shall 
•pan  the  broadest  rivers  without  any  intermediate  support.  Art  has  its 
thunders  more  terrible  than  those  of  heaven.  A  small  quantity  of  matter 
produces  a  horrible  explosion,  accompanied  by  a  bright  light ;  and  this 
may  be  repeated  so  as  to  destroy  a  city  or  entire  battalions." 

Bacon  was  not  a  man  to  speak  or  write  in  this  manner  at  random.  His 
exprrimmtA  led  him  to  the  conclusions  he  has  thus  recorded,  for  he  was 
by  far  the  most  talented  and  indefatigable  experimental  philosopher  of 
his  age.  His  discoveries  however  were  not  understood,  or  their  impor- 
tance not  appreciated,  for  he  was  imprisoned  ten  years  as  a  practiser  of 
magic,  &c.  There  is  a  remark  in  his  treatise  "  on  the  secret  works  of 
art  and  nature,"  that  is  too  valuable  to  be  omitted:  he  snys  n  person  who 
is  perfectly  acquainted  with  the  manner  that  nalvre  ohnerve-r  in  hrr  opera- 
rionii,  can  not  only  rival  but  surpass  her.  "  That  he  was  acquainted  with 
the  rare/fiction  of  air,  and  the  structure  of  the  air  pvmp,  is  past  contradic- 
tion." He  was  (says  Dr.  Friend)  the  miracle  of  the  times  he  lived  in, 
and  the  greatest  genius  perhaps  for  mechanical  knowledge  which  ever 
appeared  in  the  world  since  Archimedes.  The  camem  obscura  and 
telescope  were  known  to  him,  and  he  has  described  the  mode  of  making 
reading  glasses.  Most  of  the  operations  now  tised  in  chemistry  are 
said  to  be  described  or  mentioned  by  him.  A  description  of  his  laborato- 
ry and  of  the  experiments  he  made,  with  a  sketch  of  the  various  appara- 
tus employed,  would  have  been  infinitely  more  valuable  than  all  the 
volumes  on  scholastic  divinity  that  were  ever  written. 

In  1543,  a  naval  officer  under  Charles  V.  is  said  to  have  propelled  a 
ship  of  two  hundred  tons,  by  steam,  in  the  harbor  of  Barcelona.  No 
account  of  his  machinery  is  extant,  except  that  he  had  a  large  copper 
boiler,  and  that  paddle  wheels  were  suspended  over  the  sides  of  the 
ve.sfel.  Like  all  old  inventors  he  refused  to  explain  the  mechanism.  The 
following  account  was  furnished  for  publication  by  the  superintendent  of 
the  Spanish  royal  archives.  "  Bta.trn  rfe  Gamy,  a  captain  in  the  navy, 
proposed  in  1543,  to  the.  Emperor  and  King,  Charlo!!  the  Fifth,  a  machine 
to  propel  large  boats  and  ships,  even  in  calm  weather,  without  oars  or 
sails.  In  spite  of  the  impediments  and  the  opposition  wHch  this  project 
met  with,  the  Emperor  ordered  a  trial  to  be  made  of  it  in  the  port  of 
Barcelona,  which  m  fact  took  place  on  the  17fh  of  the  month  of  ,Iune, 
of  tlic  said  year  1543.     Garay  would  not  explain   the  particulars   of  hit 
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discovery  :  it  was  evident  however  during  the  experiment  that  it  eouMtti 
in  a  large  copper  of  boiling  waler,   and   in  moving  wheels   attached  to 
either  side  of  the  ship.     The  experiment  was  tried  on  a  ship  of  two  hun- 
dred tons,  called  the  Trinhy,  which  came  from   Colibre   to   discliarge  t 
cargo  of  corn  at  Barcelona,  of  which  Peter  de  Scarza  was  captain.     By 
order  of  Cliarles  V,  Don  Henry  de  Toledo  the  governor,  Don  Pedro  do 
Cordova,  the  treasurer  Ravago,  and  the  vice  chancellor,  and  intemlanl 
of  Catalonia  witnessed  the  experiment.      In  the  reports  made  to  the  i-ra- 
peror  and  to  the  prince,  this  ingpenious  invention  was  generally  approved, 
particularly  on  account  of  the  promptness  and   facility  with    which  ibc 
ship  was  made  to  go  ahout.     The   treasurer  Ravago,  an  enemy   to  tlis 
project,  said  that  the  vessel  could  be  propelled  two  leagues  in  three  hour»— 
that  the  machine  was  complicated  and  expensive — and  that  there   would 
be  an  exposure  to  danger  in  case   the   boiler  should    burst.      The  otlwr 
commissioners  alfirmed  that  the  vessel  tncked  with  the   same   rapidity  u 
a  galley  manoeuvred  in  the  ordinary  \*"ay,  and  went  at  least  a   league  u 
hour.     As  soon  as  the  experiment  was  made  Garay  took  the   whole  ma- 
chine with  which  he  had  furnished  tlie  vessel,  leaving  only  the    wooden 
part  in  the  arsenal  at  Parcelnna,  and  keeping  all  the  rest  for  himself.     In 
spite   of  Rnvago's  opposition,  the  invention  was  approved,   and   if  tha 
expedition  in  which  Charles  the  Vth  was  then  en^Tiged  had  not  prevented, 
he  would  no  doubt  have  encouraged  it.     Nevertheless,  the  emperor  pro-  ' 
moted   the    inventor  one    grade,   made  him  a  present  of  two  hundred 
thousand  maravedis,  and  ordered  the  expense  to  he  (i:ii.I  out  of  the  Iree- 
•ury,  and  granted  him  besides  many  other  favors." 

"  This  account  is  derived   from   the  documents  and   original    registers 
kept  in  the  Royal  Archives  of  Simuncas,  among   the  commercial   papers 
of  Catalonia,  and  from  those  of  the  military  and  navnl   department*  for  l 
tlie  said  year,  1543.  Thomas  Go.xzalkx. 

"Simuncas,  August  27,  182.V 

From  this  account  it  has  been  inferred  that  steam  vestelt  were  inventMi  I 
in  Spain,  being  only  revived  in  modern  times  ;  and  that  Biasco  de  Gnrmj  ] 
should  be  regarded  as  the  inventor  of  the  first  atfam  engine.  As  long  «J 
the  authenticity  of  the  document  is  admitted  and  no  earlier  experiment 
adduced,  it  is  diHicult  to  perceive  how  such  a  conclusion  can  be  avoided; 
at  least  so  far  as  sifam  vemte/n  are  concerned.  It  may  appear  sin^lar  that 
this  specimen  of  mechanical  skill  should  have  been  matured  in  that  coun- 
try ;  but  at  the  time  referred  to,  Spnin  was  probably  the  most  promising 
scene  for  the  display  of  such  operntions.  Bivery  one  knows  that  half  « 
century  bffore,  Columbus  could  find  a  patron  no  where  else.  The  great 
loss  which  Charles  sustained  in  his  fleet  before  Algiers  the  previous  year, 
must  have  convinced  him  of  the  value  of  an  invention  by  which  ships 
could  be  propelled  without  oars  or  sails  ;  and  there  is  nothing  impn>bal>le 
in  supposing  the  loss  on  that  occasion  (fifteen  ships  of  war  and  one  hun- 
dred and  forty  transports,  in  which  eight  thousand  men  perished  and 
Charles  himself  narrowly  escaped)  was  one  principal  reason  for  Captain 
Garay  to  bring  forward  his  project.  M.  Arago,  who  advocates  with  pe- 
culiar eloquence  apd  zeal  the  claims  of  Decaus  and  Papin,  as  inventnn 
of  the  steam  engine,  thinks  the  document  should  be  set  aside  for  the  fol- 
lowing reasons  :  1st.  Because  it  was  not  printed  in  154.3.  2d.  It  does 
not  sufficiently  prove  that  steam  was  the  motive  agent.  3d.  If  Captain 
Garay  really  did  employ  a  steam  engine,  it  was  "  according  to  all  apprar> 
•nee  the  reacting  eolipile  of  Heron,  and  therefore  nothing  new.  To 
us  there  Joes  not  appear  much   force  in  these  reasons.     M.  Arago  oh 
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aen'et,  "  manuscript  documents  cannot  have  any  value  with  the  public , 
becausp,  generally,  it  has  no  means  whatever  of  verifying  the  3ale  av 
•igned  til  thcrn."  To  a  limited  extent  this  may  be  admitted.  Respecting 
private  MSS.  it  may  be  true ;  but  surely  o//iciai  and  national  recordfl  like 
those  referred  to  by  the  Spanish  secretary  should  be  excepted.  We 
have  in  the  eighth  chapter  of  our  Third  Book  quoted  largely  from  olTicial 
MS.  di^umeuts  belonging  to  this  city,  (New- York  :)  now  these  ore  pro- 
wji-ved  in  a  public  office  and  may  be  examined  to  verify  our  extract?  as 
well  as  their  own  authenticity  :  and  the  Spanish  records  we  presume  are 
equally  accessible,  and  their  aulheuti»^y  may  be  equally  established.  The 
mere  printing  of  botii  could  add  nothing  to  their  credibility,  although  it 
would  afford  to  the  public  greater  facilities  of  judging  of  their  claims  to  it. 
So  fur  from  rejecting  such  sources  of  information  respecting  the  arts  of 
former  times,  we  should  have  supposed  they  were  unexceptionable. 

B«l  it  is  said — iillhough  a  boiler  ia  mentioned,  that  is  not  sufficient  proof 
dint  stram  was  the  impelling  agent,  since  there  are  various  machines  in 
which  fire  is  used  under  a  boiler,  without  that  fluid  having  atiy  thing  to 
do  with  the  operations  :  Well,  but  the  accoimt  stales  that  which  reiilly 
■pi>cars  conclusive  on  this  point,  viz.  that  this  vessel  contained  "  boiling 
water"  and  that  Ravago  the  treasurer,  opposed  the  scheme  on  the  ground 
tiiat  there  would  \)c  an  exposure  to  danger  "  in  case  llie  boiler  shouH 
butst."  As  this  danger  couKl  not  arise  from  the  liipiid  contents  merely, 
but  from  the  accumulation  of  steam,  (the  irresistible  force  of  which  was, 
as  has  been  observed,  well  known  from  the  emphijinent  of  eolipiles)  it  ii 
obvious  enough  tliut  this  fluid  performed  an  essential  part  in  llie  opera- 
tion — in  other  words  was  the  source  of  the  motive  power.  Had  it  not 
been  necessary,  Garay  would  never  have  furnished  in  it  such  a  plausible 
pretext  for  opjHwition  to  his  project.  It  has  been  also  said  "  if  we  wem 
to  admit  that  the  machine  of  Garay  was  set  in  motion  by  steam,  it  wouhi 
not  necessarily  follow  that  the  invention  [steam  engine]  was  new,  and 
that  it  bore  any  resemblance  to  those  of  our  day."  True,  but  it  would 
■t  least  follow  that  Garay  should  be  con.siilered  the  father  of  atcam  navi- 
gation,unu]  snme  earlier  and  actual  experiment  is  produced.  Arago  further 
thinks,  that  if  Garay  used  steam  at  all,  his  engine  was  the  whirling 
eolipile  (No.  180) — "every  thing"  he  observes  would  lead  us  to  believu 
that  he  employed  this.  We  regret  to  say  there  are  strong  objections  to 
such  an  opinion.  That  an  engine  acting  on  the  same  principle  of  recoil 
as  Heron's  ecilipile  might  have  been  mode  to  propel  a  vessel  of  two  hun- 
dred tons  is  admitted  ;  but  from  modern  experiments  with  small  engines 
of  lliis  description,  we  know ;  1st,  that  in  order  to  produce  the  reported 
result,  the  elasticity  of  the  steam  employed  tnuiil  have  been  equivalent  to 
a  pressure  of  several  atmospheres;  and  2d,  that  the  enormous  consump- 
tion of  the  fluid  when  used  in  one  of  these  engines  must  have  required 
either  a  number  of  boilers  or  one  of  extraordinary  dimensions.  Hiid 
Gnroyemploj  ;d  several  boilers,  the  princi]>nl  difficulty  would  be  removed, 
as  he  might  then  have  made  them  sufficiently  strong  to  resist  the  pressure 
of  the  confined  vapor ;  he  however  used  but  one,  and  every  person  who 
has  wilnesseil  the  operation  of  reacting  engines  will  admit  that  a  singlo 
boiler  could  hardly  have  been  made  to  (tirnish  the  quantity  of  steam  re- 
quired at  the  requisite  degree  oftemruin. 

As  the  nature  of  this  Spanish  engine  is  not  mentioned,  every  person  ia 
left  tn  form  his  own  opinion  of  it.  We  gee  no  difficulty  in  admitting  that 
he  employed  the  elastic  force  of  steam  to  push  a  piston  to  and  fro — or 
thsl  he  formed  a  vacuum  under  one  by  condensing  the  vopor.  Such  ap- 
:iUc3tii>n«  of  steam  were  as  likely  to  occur  to  a  person  deeply  engaged  m 
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devilling  modes  of  employing  it,  in  the  sixteerilli  ma  weil  as  in  tlie  «!v<ra 
leenlh  century,  notwitlisluntiing  llie  objectinn  su  ol'lcn  reileraleti,  iLit 
the  arts  were  not  sufficiently  inulured  ibr  tlie  faliricution  of  a  ineuilie 
cylinclcr  and  piston,  and  apparatus  tor  traiisinilting  llio  tnovcmeiits  ol  » 
piston  to  revolving  rnechanisin.  Tlie  casting  and  horing  oi'  pitces  uf 
ordnance  show  that  the  cnnslruction  of  a  sleam  cylinder  was  not  bi'vuiHJ 
the  arls  of  the  sixteenth  century,  or  even  of  the  two  preceding  ones;  wliile 
the  water-works,  consisting  of  forcing  pumps  worked  by  whcols,  and 
also  numerous  other  machines  put  in  motion  by  cranks,  (and  the  ii re- 
gularity o^  their  movements  being  tiko  regulated  by  tly  wheels)  desoriliej 
in  the  works  of  Besson,  Agricolo,  Ike.  show  that  engineers  at  that  timu 
well  understood  the  means  of  converting  rotary  into  rectilinear  motious, 
and  rectilinear  into  rotary  ones. 

Had  Garay  used  a  sleam  apparatus  on  the  principle  of  Savcry's, 
Papin's,  or  Leopold'^  to  raise  water  upon  an  overshot  wheel  Kxed  on  tlw 
same  axle  as  the  paddles,  we  should  probably  have  heard  of  it,  since  sucii 
a  wheel  would  have  been  a  more  prominent  object  than  the  paddles  of 
the  boiler  itself. 

It  need  not  excite  surprise  that  Garay  adopted  (.uddle  wheels  as  pro- 
pellers, since  they  were  well  known  before  his  time,  being  of  verv  an- 
cient dale.  Roman  galleys  were  occasinnallv  moved  by  iheni,  and  they 
•lave  probably  never  been  wholly  laid  aside  in  Europe  since  the  fall  of 
the  empire.  Stuart,  in  his  Anecdotes  of  the  Steam  Engine,  observes  that 
the  substitution  of  tiiem  for  ours  is  mentioned  in  several  old  military  trea- 
tises. In  some  ancient  MSS.  in  the  King  of  France's  library  it  is  said 
tJiat  bouu,  in  which  a  lioman  urmy  under  Claudius  Caiidex  were  trans- 
ported into  Sicily,  were  propelled  by  wheels  moved  by  oxen.  Au  an- 
cient bas-relief  has  also  been  found  rcpiesentinga  galley  wilh  threr  wheels 
on  each  side  ;  the  whole  being  moved  by  three  pair  of  oxen.  Robertus 
Valiuriiiri,  in  his  De  Re  MdUari,  Veronn,  1472,  gives  a  figure  of  a  galley 
witiiyiVc  paddle  wheels  on  each  side.  Another  is  portrayed  with  one  on 
each  side.  To  these  we  add  another  from  the  Nurcmburg  Chronicle, 
published  in  1497  ;  at  folio  XCVIII  a  vessel  is  figured  with  two  wheels 
on  the  side  liiat  is  represented.  An  old  Englisli  writer  mentions  thctn 
in  167S;  and  in  168^,  a  horse  tow-boat  witli  puddle  wheels  waa  use<l  al 
Chatham,  England. 

Of  various  substitutes  for  revolving  oars  or  paddle  wheels,  there  is  one 
which,  among  other  things,  we  have  long  purposed  to  try.  It  consists  in 
protruding  iiit<i  ihe  water,  in  a  horizontal  direction  from  close  recept-.icles 
fonneil  in  the  sti'rn  and  below  the  water  line,  a  series  of  two  or  more 
■olul.  or  light  hollow  bodies,  of  such  dimensions  that  the  water  dLspUced 
might  all'ord  a  resistance  sulRcient  to  drive  forward  the  boat.  Some  idea 
of  this  resistance  may  be  obtained  by  attempting  to  sink  an  empty  barrel 
or  hogshead,  or  by  pushing  a  bucket  or  washing  tub  into  a  lit^uid,  bottom 
downwards.  The  moveable  bodies  or  propellers  might  be  s<]nare  boxes 
of  wood,  closed  tiglit  and  made  to  slide  in  and  out  at  the  stern  like  the 
drawers  of  a  bureau  ;  their  outer  ends  being  flush  wilh  the  stern  ^vhell 
drawn  in,  and  the  joint  (at  the  stern)  made  tight  by  some  contrivance 
Analogous  to  a  s'uffing  box;  their  velocity  and  length  of  stroke  being 
proportioned  to  the  size  of  the  vessel  and  its  required  speed.  T)>e  wa- 
ter Itself  would  drive  or  help  to  drive  back  each  propeller  at  the  termi- 
nation of  ks  stroke,  just  as  a  hollow  vessel  is  pushed  up  when  tlvr<ist  un- 
der water.  The  receptacles  mtjjht  be  o))en  at  the  top  so  as  to  allow  any 
water  which  leaked  in  at  llie  joint  to  be  readily  discharged.  We  art 
^ot  aware  that  such  a  plan  has  ever  been  proposed. 
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There  are  several  indications  that  niechaniciani>  in  clift'erent.  partjt  u> 
irope,  were  alive  to  the  power  developed  hy  sleain  at  the  time  Guray 
was  making  his  experiments  ;  and  we  have  little  dimbt  tjiiit  intr-n-jiiiio 
iiit'onuation  resf>ecting  it  will  vet  be  obtained  from  the  obsolete  tomes  oi 
•he  XV  and  XVI  centu'nes.  Those  old  authors,  whose  works  are  gener- 
ally quoted  on  the  subjeit,  obviously  derived  their  information  principally 
from  those  of  liieir  predecessors  as  well  as  from  llie  laburaluries  ui'  the 
alchymists. 
I  Jerome  Cardan,  an  Italian,  borti  in  1501  and  died  in  1575,  one  of  the 
UpMt  eccentric  geniuses  thai  ever  lived,  in  whom  was  united  "  the  most 
Hnnscendcnt  allainmenta  with  the  most  consummate  quackery,  profound 
^^ocity  with  tlie  weakest  superstition  ;  who  on  one  page  is  seen  draw- 
ing the  horoscope  of  Christ,  and  in  another  imploring  his  forgiveness 
for  the  sin  of  having  eaten  a  partridge  on  Friday  ;  unfolding  the  most 
beautiful  relations  in  algebraic  analysis,  and  foretelling  from  the  ap- 
pearance of  specks  on  his  nails  his  approach  to  some  discovery  ;  above 
alJ,  eloquently  enforcing  the  obligations  of  a  pure  religion  and  expressing 
I  Uie  finest  sentiments  in  morals,  «  hile  his  long  life  was  one  continued  ex- 
ertion, grossly  outraging  both.  Here,  this  philosopher,  juggler  an«' 
mailman,  is  entitled  to  brief  mention  from  displaying  in  his  writings  a 
knowledge  of  what  has  been  called  the  capabilities  of  sleam,  and  mi>ro 
particularly  with  the  fact  of  a  vacuum  being  speedily  procured  by  its 
coaJeiisation." 

That  the  alchymisls  were  familiar  with 
tlie  formation  of  a  vacuum  by  the  con- 
densation of  steam,  and  with  raising  water 
into  it  by  atmospheric  pressure  is  certain 
Their  ordinary  manipulations  luxessanly 
made  them  acquainted  with  bolli.  In 
Fludd's  Integrum  Morhorum  j\h/iilcrium, 
page  462,  he  illustrates  his  notions  re- 
specting fever  and  dropsy,  by  what  ho 
calls  a  comimm  experiment,  and  with  the 
apparatus  figured  in  the  cul.  An  emply 
retort  or  one  conlaining  a  little  w  nter  was 
8us[>endedover  a  fire  with  the  neck  turned 

*'■••'**   "'"''••  down  into  a  vessel  of  water  :   when   the 

retort  was  heated  the  air  or  vapor  became  expanded  and  part  of  it  driven 
out  through  the  liquid.  Upon  removing  the  fire,  the  water  was  forced  by 
the  atmosphere  through  the  neck  to  supply  the  place  of  the  air  or  vapor 
expelled  by  the  heat.  This  aJtliough  nothing  more  than  the  old  process 
of  filling  eolipilcs,  most  of  which  could  be  charged  in  no  other  way, 
shows  tliat  the  principle  was  well  understood  and  adopted  in  various 
operations.  We  add  another  and  earlier  example  from  Porta's  Natural 
Magic,  a  work  first  published  in  1560,  where  he  distinctly  shows  tlie 
{brmation  of  a  vacuum  by  the  condensation  of  sleam,  and  raising  of  water 
info  it  by  the  atmosphere.  "  Make  a  vessel  with  a  yery  long  neck  ;  the 
longer  it  is,  the  greater  wonder  it  will  seem  to  be.  Let  it  be  of  transpa- 
rent glass  that  you  may  see  the  water  running  up  :  fill  this  with  boilivg 
yxUer,  and  when  it  is  very  hot,  or  setting  the  bottom  of  it  to  the  fire  that 
it  may  nol^presentlie  wax  cold  ;  the  mouth  being  turned  downwards  that 
it  may  touch  the  water,  it  will  suck  it  nil  in."  Discharging  the  hot  water 
is  not  mentioned,  but  that  is  of  course  implied,  and  before  the  vessel  was 
placed  on  the  fire — while  full  of  hut  water,  it  could  not  suck  up  any  of 
the  cold.     (Book  19,  cap.  3.) 
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are  sulRcieiu  to  prove  tliat  the  irresistible  force  of  ifeam  when  confitied,  wm 
known  in  the  midclle  of  llie  sixteenth  century — in  fact  it  always  has  Ii«ti 
known  since  distillation  was  practised  or  an  rolipile  ust'd.  ParticuUr 
care  was  always  required  to  keep  the  orifice  of  the  latter  instnionent  opeu 
when  on  the  fire. 

Besides  the  Natural  Mnpic  of  Porta  and  the  writings  of  Cardan,  tliere 
were  other  works  puljllshed  in  the  sixteenth  century  in  whic-h  steam  ti 
either  incidentally  mentioned,  or  expressly  treated  on  Aliout  the  yw 
l.')60,  Mathesius,  a.  German  jireaeher,  in  order  to  illustrate  the  enoriaotu 
force  of  a  little  imprisoned  vapor,  introduced  into  a  sermon  a  descrijition 
of  an  apparatus  "  answering  to  a  steam  engine" — an  instance  of  ingenuity 
eiitiiil  lo  lliiit  of  Cardan,  who  contrived  to  swell  the  contents  of  a  ttcattse 
on  .irillimclic,  (whicli  he  wrote  for  the  booksellers  by  the  page)  by  px- 
piitiuting  on  llie  motions  of  die  planets,  on  the  creation,  and  the  lower  of 
Babel.  Canini,  a  Venetian,  made  experiments  on  steam  in  15G(3.  In 
1569,  an  anonymous  tract,  printed  at  Orleans,  and  ascribed  to  Besson, 
Contains  an  account  of  the  exy)ansion  »  f  water  into  steam,  and  the  relative 
Volumes  of  each.  Aliout  1597,  a  German  writer  proposed  the  whirling 
oolipile  of  Heron,  as  a  substitute  for  dogs  in  turning  the  spit,  and  rccom- 
meiided  it  in  a  passage,  an  exli-uct  from  which  may  be  seen  at  ptige  76  uf 
this  volume. 

The  "  Forcible  Movements''  of  Decaus,  or  de  Caus,  is  the  next  vtt 
thoriiy  for  early  notices  of  steam.  This  work  was  first  publi^lied  at 
Fraiikfori  in  1615,  and  in  Paris  in  1624.  It  is  entitled  L.r.i  Ruitumi  deM 
Forces  MiiNranlcs,  avec  di verses  machines  laiit  utiles  tjue  plaisaiites,  &c:— 
Reasons  of  moving  forces,  with  various  machines  both  useful  and  intirr 
eating.  'Ihe  title  seetns  to  have  been  slightly  changed  in  different  editions; 
Biid,  as  noticed  at  page  319,  the  name  of  tlie  author  also;  a  circumstance 

that  has  led  Mr.  Farey  to  suppose  there 
were  two  books,  written  by  difl'erenl  au 
thors  of  the  same  name.  In  the  English 
translation  of  1659,  which  consists  of  two 
parts  :  "  The  theorie  of  the  conduct  of  wa- 
ter" and  the  "  Forcible  movements,"  the 
theorems  on  steam  are  omitted.  Hv  these 
theorems  Decaus  intended  to  show  thiit 
heat  carries  off  water  by  evaporation — th»t 
steam  when  condensed  returns  to  its  origin- 
al bulk — and  that  a  hollow  bull  or  eolipile 
may  be  exploded  by  it.  The  only  device 
for  employing  this  fluid  which  he  has  siven, 
is  in  ilhistration  of  the  fifth  tlieorem.  vixt 
M'liter  iiM>/bc  raited  abuve  its  Icrel  by  meant 
if  fire  :  "  The  third  method  of  raising  water 
li  by  tlie  aid  of  fire,  whereby  diverse  ma- 
chines may  be  made.  1  simll  here  give 
the  description  of  one.  Take  a  ball  of 
copper  marked  .4,  well  soldered  at  every 
pan.  It  must  have  a  vent  hole  marked  D 
by  which  watei  may  be  introduced  ;  and 
also  a  lube  marked  C,  soldered  into  the 
top  of  tlie  ball,  and  the  end  C  reaching 
nearly  to  the  bottom,  but  not  touching  it 
After  filling  this  ball  with  water  through  the  veut  hole,  stop  it  close  aixl 
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put  the  bali  on  the  Rre,  then  the^huat  acting  against  the  said  ball,  will  causu 
all  the  wilier  to  rise  through  the  tuln;       U." 

On  the  guppositiuii  that  this  a|>paratus  was  originally  designeJ  by  I)e- 
caus,  M.  Ara>ju  lias  claimed  (or  France  the  iiiveulion  of  the  steam  engine. 
The  English,  he  ob!«.Tves  in  his  Memoir  of  Watt,  have  ascribed  the  honot 
iw  the  iM«r<iuis  of  Worcester ;  but  on  this  side  the  channel,  "we  main- 
tain that  it  belongs  to  a  humble  engineer,  almost  forgotten  by  our  bio- 
graphers, viz.  Solomon  de  Caus."  And  in  his  'History  of  the  Sleain 
£ngiiie,'  he  asserts  that  "  the  idea  of  raising  water  by  the  clastic  force 
of  steam"  belongs  to  the  same  individual.  With  the  disposi'iun  and 
even  an  anxiety  to  give  to  every  inventor  his  full  meed  of  praise,  wo 
confess  that  we  cannot  perceive  in  the  figure  and  description  before  us, 
kutVcient  ground  from  which  such  inferences  could  fairly  be  drawn. 
'J'iie  fact  is,  to  no  one  age  or  people  can  the  origin  of  the  steam  engine 
be  attributed — nor  yet  its  various  applications.  That  some  have  contri- 
buted greatly  more  tlian  others  to  devclope,  mature  and  apply  it,  uo 
person  doubts. 

Were  it  even  admitted  that  no  apparatus  precisely  like  that  represented 
iu  the  figure  was  previously  known,  it  would  be  difficult  to  establish  the 
claims  put  forward  in  behalf  of  Decaus.  J3ut  diere  was  nothing  novel 
either  in  hs  construction  or  in  the  principle  of  its  operation;  while  for 
nearly  all  practical  purpises  it  was  valueless. 

So  far  as  respects  the  anparatus  simply,  no  part  of  it  was  invented  by 
him.  It  is  figured  in  the  Spiritalia  as  an  illustration  of  Problem  IX,  viz. 
a  hollow  sphere  partly  tilled  with  water,  and  resting  upon  a  tripod,  with 
a  jet  pipe  extending  down  into  the  liquid.  Instead  of  lire  under  it  to 
raise  steam,  a  syringe  is  connected  to  the  upper  part,  by  which  to  inject 
air  or  water.  This  figure  is  copied  in  Plate  VII  of  the  "  Forcible  Move- 
ments," (Leak's  Trans)  and  of  it  Decaus  observes,  "as  concerning  the 
figure  of  the  globe,  it  may  serve  for  pleasure  to  cast  the  water  very  high 
by  the  pipe,  after  that  you  have  forced  it  in  w  ilh  violence  with  tlie  sy- 
ringe." Had  not  this  device  of  raising  water  by  air  compressed  with  a 
syringe  been  found  in  the  Spiritalia,  it  might  also  have  been  deemed  the 
iuveniion  of  Decai  s,  for  he  does  not  mention  the  source  whence  he  de- 
rived it;  and  as  it  is,  we  think  he  may  with  as  much  reason  be  considered 
the  author  of  a»V-engines,  as  the  first  inventor  of  steam  engines.  The 
apparatus  is  also  a  modification  of  that  by  which  Heron  raised  water  by 
the  heat  of  the  sun,  hut  the  author  of  the  Spiritalia  was  too  well  versed 
in  the  subji'ct,  to  introduce  in  that  work  such  a  device  as  that  of  Decaus. 

The  elevation  of  water  by  the  elastic   force   of  steam   was  also   well 
known  before  the  time  of  Decaus.     Nature  herself  has  always  presented 
striking  proofs  of  it  in  boiling  springs,  and  in  the  magnificent  fountains 
and  jets  that  are  thrown  up  in   various  parts  of  the  earth   from  suliter-          / 
raucous  cauldrons  by  imprisoned  steam  ;    as  in  the  Geysers  of  Iceland,  *■    'L 
where  the  hot  liquid  is  thus  violently  forced  through  nnturHl  tubes,  of  -^'~" 
nine  or  ten  feet   in   diameter,  to  heights   varying  from   twenty  to  ninety  ')'»••,"'' 
feet,  and  accompanied   with   intermitting  volume.i   of  the  vapor ;  pheno- 
mena llie  philosophy  of  which  was  well  understood  by  the  ancients.      But  

if  such  examples  are  deemed  loo  indirect,  and  as  known  only  to  a  few  :}J^    fyiCrt 
there  are  others  with  which  people   generally  have  always  been  conver 
■ant  :   Vessels  for  heating  water,  with  tubular  spouts,  whose  upper  orifice*  /ir^^  ' 
stand  higher  than  the  top  of  the  vessels  or  the  liijuid  within  them,  are  of  .   /t 
extreme  anliipiilv;   some  that  resemble  our  teu-kettles  and  cotl'ee-pots  are  , 

ed  on  the  paintings  and  sculptures  of  Egypt.     Now  every  A.*  XJ*£ 
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one  knows  that  wher.  tlie  covi-s  of  iheie  fit  so  dose  as  to  prevpnl  t}i« 
glenm  from  escaping  as  fast  as  it  is  generated,  the  confined  vapor  forces  up 
the  hot  liijuid  through  the  spouts;  and  in  a  ruanncr  precisriy  the  same  ai 
described  by  Decaus,  for  I  lie  effect  is  the  sumo  whetlier  the  discharpinc 
tube  be  connected  to  the  lower  side  of  a  boiler  hke  a  tea-kettle  sponr,  or 
inserted  through  the  toji  and  continued  within  to  the  li<]uid.  Frnm  such 
domestic  exhibitions  of  the  effects  of  steam,  the  devices  of  Heron  and 
other  ancient  experimenters  were  probnlily  derived  :  a  person  who«e 
thoughts  were  turned  to  the  suiijecl  of  raising  water  by  it  could  not  failt«' 
profit  by  them,  or  to  hit  upon  so  slight  a  modification  uf  the  apparatus  as 
shown  in  the  last  figure. 

The  same  appliciilion  of  steam  was  often  exhibited  by  alchymist-s  as  al- 
ready observed  in  their  rnjinipuhilions,  and  in  drawing  off  the  contents  o' 
their  stills  and  retorts;  but  it  was  still  more  clearly  illustrated  in  coromnr. 
life  in  the  employment  of  eolipiles,  and  the  copper  ball  of  DiMraus  was 
merely  one  of  these  withajet[iipe  prolonged  into  the  liipiid.  The  very  tpmw 
"  ball  of  copper,"  "  ball  of  brass,"  were  those  by  which  enlipilcs  were 
designated.  (See  page  396.)  Now  no  one  was  ignorant  that  an  opening 
on  the  top  of  one  of  these  instruments  lot  ou*  steam,  and  that  ihrougli  one 
near  the  bottom  hot  water  would  he  violently  expelled  through  n  vertical 
tulje,  if  attached  to  the  opening.  Suppose  the  one  figured  at  No.  185 
either  accidentally  or  designedly  iilaced  on  tiie  fire  with  the  tube  inclined 
upwards,  and  heated  in  that  jmsitiim  while  two  thirds  filled  with  water ; 
the  vapor  would  then  accumulate  in  the  dome,  and  wiuihl  necessarily 
drive  out  the  boiling  litpiid  until  the  lower  orifice  of  the  tube  was  no  Kingcr 
covered  with  water  :  or  imagine  No.  1S4  inclined  till  water  rushed  out 
instead  of  steam.  That  such  experiments  were  not  only  frfqueni  but  com- 
mon, no  person  can  rca,sonahly  doubt,  although  no  notice  of  them  may  ho 
found  in  books.  8u('h  a  modi"  of  raising  wafer  was  of  little  value  and  not 
tliought  worth  n"cording,  and  but  for  its  introduction  into  some  bisioricii 
of  the  steam-engine,  we  shouki  not  have  deemed  it  of  sufficient  im}Mirlanre 
to  notice.  Moreover,  the  ordinary  mode  of  charging  eidipiles  which  hud 
but  one  miinite  orifice,  vii.  by  heating  and  then  plunging  them  in  water, 
must  have  fretjuentiy  caused  them  to  produce  bfjiiid  jets,  in  consequence 
of  their  imbibing  too  much,  and  there  being  no  other  way  of  expellir.g 
the  surplus  than  by  placing  the  instrument  on  the  fire.  Probably  an  eoli- 
pile  was  never  used  that  was  not  occasionally  overcharged  with  the  liquid, 
and  thtis  made  to  raise  a  portion  of  it  by  the  elastic  force  of  steam.  At 
any  rate,  no  one  who  was  famili»r  with  these  instruments,  from  Heron  to 
Decaus,  could  have  been  ignorant  of  the  fact  that  they  might  be  applied  to 
pro<liice  jets  of  hot  water  as  well  as  of  vapor;  and  few  ever  used  them 
who  did  not  occasionally  make  them  produce  both. 

Il  w<Mild  be  an  unjust  reflection  on  Deraus  to  suppose  he  could  not  h«»e 
given  a  better  plan  than  No.  18S  for  raising  water  A^  iteam,  if  the  project 
had  been  suriotisly  entertained  by  him;  but  there  is  not  the  slightest  ground 
to  believe  he  ever  dreamt  of  applying  that  fluid  to  hydraulic  purposes,  or 
as  a  substitute  for  piimjis,  chains  of  pots,  ice.  Ho  certainly  would  have 
laughed  at  any  one  proposing  a  device  by  which  water  could  not  be  raised 
until  the  whole  of  it  was  boiled,  whether  the  quantity  was  a  ]>nt,  a  hogs- 
head, or  a  million  of  gallons;  aiul  in  some  cases  not  until  its  temperature 
far  exceeded  llial  at  which  ebullitiiui  in  open  vessels  takes  place.  Why 
then,  it  may  be  asked,  did  he  mention  the  device  at  all!  Sitnplv  to  show 
that  "  water  >nn(/  he  raised  above  its  level  by  means  of  fire."  vVell,  but 
ne  gays  that  "ilirr.rxc  machines"  may  be  deduced  from  iL  True,  and  ht 
has  given  a  description  of  one,  from  which  we  may  jud.fe  of  the  rcrci :  t)«-se 
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were  most  likely  mere  trifles — whims  that  suited  the  tnste  of  tte  ago 
No,  ISO  is  probaWy  one  of  them,  which  a  conterniioraneous  English  author 
aiiJuccs  undpr  "  Experiments  of  mocions  by  rarefying  wuter  with  fier," 
and  of  which  he  also  observes,  other  deeirei  may  be  derived  from  it. 

Decaus  appears  to  have  rend  and  traveled  much,  und  to  have  collected  , 

knowledge  from  every  source  within  his  reach.     He  describes  saw-mills^  *^' 
that  were  used  in  Switzerland,  fire-engines  of  Germany,  caiial-locka  which  /^A4 
he  noticed  between  Venice  and  Padua  :   he  cites  Tacitus,  Pausanias  and 
Pliny;  quotes  largely  from  Heron,  and  refers  his  more  learned  readers  to 
Archimedes,  a  commentiiry  upon  whose  writings  he  promises  to  undertake,  j^. 
Of  ciiursc  he  was  acquainted  with  the  works  of  Porta,  for  this  Neapolitan  ^^ 

philosopher  and   his   writings   were  greatly  celebrated  throughout   Eu  '  . 
rope.    Now  had  Decaus  turned  his  thoughts  at  all  to  the  elevation  of  water  t««V* 
by  steam,  he  would  at  once   have   perceived  the  advantiges  of  a  device   r, , 
like  No.  1S7,  by  which  the  liquid  could  be  raised  in  unlimited  quantities     /y. 
without  being  heated  at  all,  as  well  as  under  all  possible  circumstances:      ^ 
and  having  perceived  this,  would  he   not  (if  the  project  of  thus  raising    pu*/"' 
water    had   ever   entered   his   head)  have  given  it,  or  a  modification  of  it, 
instead  o^i  No.  18S  (     It  is  clear  that  he  wanted  an  illustnition  of  a  propo- 
sition merely,  and  the  one   he   has   given   he  considered  as  good  as  any 
other. 

As  long  as  the  Natural  Ma^ic  and  the  Spiritali  of  Porta  are  admitted 
to  have  been  published,  the  former  about  fifty  and  the  latter  at  least  ten 
years  before  the  work  of  Decaus,  there  is  little  if  any  thing  whereon  to 
found  a  claim  for  the  latter.  If  we  were  to  concede,  what  certainly  is  niit 
"establishcil  beyond  dispute,  that  the  first  idea  of  raising  a  weight  by  means 
of  the  elastic  power  of  steam  belongs  to  tlie  French  author,"  xhvfuct  would 
Still  remain  that  the  Neapolitan  had  long  before  shown  how  this  could  be 
do.ve;  and  M.  Arago  has  himself  observed,  that  "in  the  arts,  as  in  the 
sciences,  the  last  comer  is  aupposod  to  be  acquainted  with  the  labors  of 
(hose  who  preceded  him — all  denial  in  this  respect  is  without  value."  The 
object  of  Porta  in  introducing  the  device  referred  to  was  not  to  show  its 
•pplic.-ition  to  raise  water,  and  it  is  not  fair  to  conclude  that  he  was  igno- 
hint  of  its  adaptation  for  that  purpose  because  he  has  not  gone  out  of  his 
way  to  point  it  out.  It  has  also  been  objected,  that  his  apparatus  raised 
the  liijuid  to  a  very  limited  height.  We  do  not  know  that  Decaus's  did 
more,  fur  we  are  only  tuld  that  the  contents  of  the  ball  would  be  driven 
out,  without  the  slightest  intimation  of  an  elevated  discharge.  Well,  (an 
advocate  of  the  latter  will  say)  but  his  apparatus  is  capable  of  raising  wa- 
er  to  all  heights.  And  sci  is  Pona's.  But  had  Porta  "  the  least  idea  of 
ho  great  power  which  steam  is  susceptible  of  acquiring?"  The  extracts 
which  we  have  given  from  his  Natural  Magic,  on  the  rupture  of  vessels 
by  steam,  prove  that  he  was  well  aw'are  of  it ;  and  the  book  from  which 
these  extracts  are  taken  was  his  earliest  production,  being  published  in 
1.560,  at  which  time  (he  observes  in  the  preface)  he  was  only  about  fifteen 
years  old.  To  conclude,  we  are  constrained  to  embrace  the  opinion,  not- 
withstanding the  argument.'*  and  elfKpience  of  M.  Arago,  that  the  device 
descril>ed  by  Decaus  brought  to  light  no  new  fact,  and  gave  rise  to  no  new 
or  useful  result. 

Although  instances  rarely  occur  in  the  arts  in  which  the  elevation  of 
hot  wafer  by  the  steam  evolved  from  it  could  be  of  service,  there  are  .some, 
ms  in  chemical  manipulations,  in  a  few  breweries  and  distilleries,  and  also 
in  soap  manufactories.  The  operation  in  the  latter  is  worth  noticing:^ 
In  the  ordinary  process  of  manufacturing  common  hard  soap,  three  or  fout 


*oaa  are  often  made  at  once  in  a  deep  iron  vat  or  boiler.    Into  this  scvera. 
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Inindrc  1  gallons  of  ley,  with  the  other  ingredients,  fnllow,  rosin,  lime, fa 
8tT3  puL     After  the  whole  has  tteen  several  times  boiled,  the  semi-iluid 
missis  suffered  to  remain  some  lime  at  rest,  M'hen  the  ley  collecting  at  tlie 
Dcttom  leaves  a  thick  stratum  of  soap  formed  alwve.     As  no  openings  ate 
m:idc  in  tlie  sides  or  bottom  of  the  boiler,  the  hot  ley  is  drawn  otf  at  t}ie 
top,  and  is  usually  done  by  a  common  pump.    Long  after  tlie  fire  i*  Mrith- 
drawn  steam  continues  to  rise  from  the  liquid  below  ;  for,  from  the  vast 
mass  of  heated  materials,  their  non-conducting  property,  and  that  of  the 
furnace,  the  heat  is  slowly  dissipated.     The  soap  in  the  mean  time  acquires 
a  firmer  consistence,  and  prevents  the  vapor  from  escaping  above  almost  as 
effectually  as  the  bottom  of  the  boiler  does   below  ;  so  tliat  not  until  the 
steam   attains  considenible   elastic  force   can  it   open  a  passnge  through, 
and  when  it  does  the  opening  is  instantly  closed  as  before.      When  there- 
fore the  pump  is  pushed  through  the  whole  to  the  bottom  of  the  vnt,  and 
started  to  work,  the  liquid  continues  of  itself  to  pass  up,  being  urged   by 
the  steam.     (It  is  necessary  to  work  the  pump  at  first  because  the  open- 
ings in  its  end  become  stoppeii  M'ith  soap  in  passing  it  down.     The  end 
of  a   plain  tube  would   be  choked  in   the  same  way  ;  but  by  a  pump  at- 
tached to  it,  the  pressure  of  the  atmosphere  is  added  to  that  of  the  steain 
to  force  the  piissage  open.)     The  large  body  of  soap  keeps  settling  down 
as  the  ley  is  discharged,  and  thus  preserves  the  steam   at  the  same  degree 
of  tension  until  all  the  ley  is  ejected,  when  the  steam   itself  esrajH-s  also 
through  the  pump.      The  soap,  it  will  be  perceived,  acts  as  a  flexible  pis- 
ton, its  adhesion    to  the  sides  of  the  boiler  and    its  spi:<silude  and  weight 
effectually  confining  the  vapor  below. 

Of  the  origin  of  this  mode  of  raising  ley,  and  the  extent  to  which  it  it 
practiced,  we  are  not  informed.  It  affords  however  an  e.xample  of  the 
truth  of  the  remark,  that  important  results  may  be  deduced  fmm  attention 
to  simple  facts,  as  well  as  from  the  observance  of  common  products.  An 
examination  of  the  residuum  of  ti  sonp-boiler's  kettle,  it  is  well  known,  led 
to  the  discovery  of  a  new  chemical  element,  (iodine,)  and  of  its  virtues  as 
a  specific  in  the  cure  of  the^oiVrp;  and  from  the  preceding  remarks  it  may 
be  inferred,  that  an  observing  Greek  or  Roman  soa[>-boiler  might  have 
discovered  the  a[)plicabiiify  of  steam  to  raise  water,  since  he  possessed  all 
the  requisite  marliiiiery  in  his  ordinary  apparatus,  and  might  have  per- 
formed the  operation  as  often  as  he  made  soap.  His  ingenuity  would  also 
have  been  rewarded  hy  a  diminution  of  his  labor.  And  who  can  prove 
that  such  a  plan  was  not  in  use  in  some  of  the  old  soap-factories  of  former 
times]  In  that,  for  example,  which  has  been  discovered  in  Pompeii,  in 
one  apartment  of  which  are  the  vats,  placed  on  a  level  with  the  ground, 
and  in  another  were  found  heaps  of  lime  of  so  superior  a  quality  as  to 
have  excited  the  admiration  of  modern  manufacturers.* 

Of  the  manipulations  of  ancient  mechanics  and  manufacturers  we  know 
little  or  nothing.  Of  the  thousands  of  their  devices,  many  valuable  onof 
have  certainly  been  lost.  Some  of  these  have  been  revived  or  redi.scovercH 
in  modern  times,  among  which  we  think  may  be  mentioned  various  appli 
cations  of  steam.  There  Were  indeed  so  many  occasions  for  the  employ- 
ment of  this  Huid  by  the  ancients,  and  particularly  in  raising  of  water,  that, 
taken  in  connection  with  the  information  respectmg  it  in  the  Spiritalia,  the 
part   it  was  made  to  perform  in   the   temples,   die  traces  of  it   in  the  hot 


*  Soap  mnxl  fisre  been  an  expenoivp  article  among  the  Greeks,  at  lea«t  such  as  wm 
nsed  In  tfic  loilpttv,  iPwe  were  to  judge  froiii  the  amount  tfint  Deinelrin*  extorted  froie 
the  Atlieniniis.  viz.  i'tfi  liilcnts,  whicli,  *nyi  PliiUrcli,  "  lie  gave  to  Lnuiia  and  liii  othei 
miitrcne*  to  buy  toap." 


^ULJIT  >rK-    tU/^^/?'^ 
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baths  at  Rome,  and  the  apparatus  of  Anthemius,  by  Mrhich  last  ft  was 
adapted  to  a  very  novel  purpose  as  a  motive  agent,  thus  exhibiting  re- 
sources in  its  appplication  that  could  only  be  derived  from  experience— 
we  cannot  divest  ourselves  of  ^e  idea  that  the  ancients  were  better  ac- 
quainted with  the  mechanical  properties  of  steam  and  it*  application  to  the 
arts  than  is  commonly  supposed. 

But  for  the  destruction  of  the  numerous  libraries  of  the  ancients,  some 
of  which  contained  volumes  that  treated  on  every  suhjecli^  we  should  have 
been  intimately  acquainted  with  their  arts  and  machinery ;  and  but  for 
the  logic  of  Chnar,*  we  might  have  been  in  possession  of  those  treatises 
on  mechanics  that  Ctesibius  studied,  and  which  supplied  Heron  with  ma- 
terials for  the  Spiritalia ;  for  tlie  latter  refers  to  inventions  and  writings  of 
his  predecessors,  and  admits  having  incorporated  some  of  their  produc 
tions  with  his  own.  Possibly  the  very  books  out  of  which  he  selected  the 
aiipiications  of  steam  No.  179  and  No.  180  might  now  have  been  extant. 
The  destruction  of  such  works  as  these  was  a  severe  loss  to  the  world. 
Had  they  been  saved,  the  state  of  society  would  not,  in  the  following 
agos,  have  been  so  greatly  degenerated,  nor  woidd  the  arts  have  sunk  to 
so  low  an  ebb.  Mechanics  have  therefore  as  much  reason,  if  not  more,  to 
deplore  the  loss  of  those  volumes  that  treated  on  the  subjects  of  their  pur- 
suits, as  learned  men  have  to  regret  the  destruction  of  those  that  related 
to  literature  only.  It  was  also  easier  to  replace  the  latter  than  the  former 
— to  revive  the  literature  than  the  arts  of  the  ancients;  for  reflections  on 
history,  politics,  morals,  literature,  romance,  &c.  are  more  or  less  common  i 

to  our  race  in  all  times,  and   in  every  age   men  will   be   found  to  clothe         / 
tliem,  or  selections  of  them,  in   glowing  language ;  whereas  mechanical 
inventions,  though  often  brought  about  by  the  observance  of  common    .     .^ 
facts,  a.-c  frequently  the  results  of  fortuitojistlioughts  which  local  occur-  /j-  W , 
rences  or  singular  circumstances  induce,  and  if  once  lost  can  hardly  be/     / 
revived,  except  by  congenial  minds  under  similar  circumstances.    Besides/ 
it  is   not  by  the  mere  arresting  an  idea  as  it  floats  Uirough  the  mind  thq|t 
di:5cov'ves  or  improvements  in  mechanism  arc  effected  :  on  the  contrary, 
it  rer|uires  to  be  cidtivatcd  and  matured  by  reflection  ;  the  accuracy  of  the 
device  suggested  by  it  has  to  be  tested   by  models,  and  these  by  experi- 
ment, bcf'-re  the  incipient  thought  becomes  embodied   in  a  working  ma- 
chine. 

•  .\inrnii,  his  general,  hnrinft  taken  Alexandria,  wrote  Tor  direction!*  refipceting  the 
disposition  of  the  ratnon*  librnry  which  it  had  been  the  prideofthe  Ptolem<es  to  collect. 
The  repy  wm — if  iho  writings  agreed  with  the  doctrine*  of  the  Koran,  Uiey  were  itt» 
ttn:  and  i{  ihry  did  not,  th«y  ought  to  be  dutroftd.  The  argument  wm  irreaiatible 
and  the  whole  were  buruL 
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T^*  InrrntioM  fortoerlj'  rccofOfd — Ix»r<l  B««)n — Ilii  projpcl  for  ilnlliinp  ihinr* — Hioaft*  Butfcitt- 
Ice  produced  by  hydrHullc  warttiiir" — Efilipilf* — Brmnci'i  ■pplifsLion  of  Ihp  blaftt  of  oof»  to  |*m4Bf9 
notiun — lit  Inulility — Curioil*  ftlmcl  fnim  \Vilkiu»— Rubtcyn**  pueol  for  r«i»iii|r  water  Itf  if  tk% 
■Hfactun  uf  iiitr« — Pi^urv  illurtmiiHf;  the  applicaltna  of  tlc<iim.  from  ■■  old  Knf  luh  work — Kirrlwi^ 
device  for  niiiliif  wuter  hy  »le«iu — John  Baf« — AjitKjuily  of  hnyt*  klle«  in  Knf  land — Dtw.<w>i7  of  ■!• 
■lOtpherie  preaeyrr- — Eofiof*  of  motion — Anrcdoit-j  of  Oliver  Flven*  and  John  Kitcli — CJaetirHy  1*4 
CAudeotnlion  of  ftenio— Slojfn-engiue*  modilicjitioni  of  fuui — A  moviitf  puton  Ibe  caaenlial  featare  ■ 
both — C'InMlfication  of  mtMlom  steam  ctirlne* — Guerriciie'i  i>ppar«taa — The  iane  adopted  ta  ilaaw  la 
ffiiiea — Uuerricko  one  of  the  autliort  of  tbe  8teaia<«afiiM. 

How  few,  how  exceedingly  few  of  the  conceptions  and  experimental 
researches  of  mechanics  have  ever  been  recorded!  How  many  milhons 
of  men  of  genius  have  passed  through  life  without  making  their  discove- 
ries known  !  Even  since  printing  was  introduced,  not  a  moiety  of  thote 
who  possessed  in  an  unusual  degree  the  faculty  of  invention  have  pre- 
served any  of  their  ideas  on  paper.  Of  some  men  celebrated  for  the  no- 
velty of  their  devices,  nothing  is  known  but  their  names  ;  they  have  gone, 
and  not  a  trace  of  their  labors  is  left.  Of  others,  the  title  by  wliich  ibey 
designated  their  inventions  is  nearly  all  that  has  come  down — no  particu- 
lars by  which  we  might  judge  of  their  merits.  This  is  the  case  with  many 
of  tlie  old  experimenters  on  steam,  especially  those  who  raised  or  at- 
terapteii  to  raise  water  by  it.  Among  these  we  have  sometimes  thought 
£jord  Bacon  should  have  a  place,  under  the  impression  that  he  einployeii, 
or  designcdto  employ,  that  fluid  to  raise  water  from  the  deluged  mines 
which  he  undertook  to  recover.  He  obviously  had  some  new  modes  and 
machines  for  the  purpose.  An  account  of  these  he  laid  l>efore  the  King, 
(James  I)  who  approved  of  the  project,  and  consented  that  the  aid  oi 
parliament  should  be  invoked.  In  liie  "Speech  touching  the  recovery oi 
urown'd  mineral  works,"  which  Bacon  prepared  to  be  delivered  before 
parliament,  is  the  following  passage:  "And  I  may  assure  your  Lordships 
that  all  my  proposals,  in  order  to  this  great  architype,  seeme»l  so  rational  aikl 
foasable  to  my  lloyal  Sovereign,  our  Chriitian  Solomon,  [!J  that  I  thereby 
prevailed  with  his  Majesty  to  call  this  honorable  Parliameii;,  to  confinn 
and  imjiower  me,  in  mt/  uwn  tcai/  of  mining,  by  an  act  of  the  same."*  Thu 
great  man  was  therefore  in  possession  of  a  novel  plan  of  accomplishing 
one  of  the  most  arduous  undertakings  in  practical  hydraulics ;  and  ao  im- 
pressed with  a  belief  in  its  efficiency  that  the  king  was  induced  by  hiinf 
call,  or  agree  to  call,  a  parliament,  chiefly  it  would  seem  to  give  sanctior 
to  it.  What  the  plan  was,  we  are  not  informed,  nor  is  any  account  of  s: 
believed  to  be  extant.  Dr.  Tenison,  (Archbishop  of  Canterbury)  the  atj- 
thorof  "Baconiana,"  alluding  in  1679  to  Bacon's  "  Mechanical  Inventions," 
observes,  "  His  imlrummtx  and  ways  in  recovering  deserted  mines,  I  cati 
give  no  account  of  at  all ;  though  certainly,  without  nrw  tools,  and  pccvliaf 
ini'eHtions,  he  would  never  have  undertaken  that  new  and  hazardous 
work."*  That  the  project  consisted  chiefly  in  some  peculiar  mode  of 
raising  the  water  is  certain  ;  and  it  is  worthy  of  remark  that  a  member  of 

•  Biiconiiina.  Lond.  \(uS.  p.  133.  *  "An  .\ccoiint  of  all  tlie  Lord  Bacon'*  Wurloi,' 
■ulijoincd  10  Dii:oiitann,  p.  17. 
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hi*  hotiseboUt  was  a  mining  engineer,  and  cele)>roted  for  tKe  invention  oi 
construction  of  lijdraulic  engines,  viz.  "  Mr.  Thoiiiaii  BushttI,  one  of  liis 
Inrdslnp's  menial  gerviints ;  a  man  skilful  in  di.srovrring  atui  opening  of 
mines,  and  famous  for  his  ciirioiis  vcalrr-xcorhi  in  Uxfnrd^liire,  by  wliich 
he  imitated  rain,  hail,  llie  rainbow,  iliiindcr  and  lightning."*  1  liis  \vas 
probably  the  snme  individual  who  is  mentioned  in  "lome  biographies  aa 
"  Master  of  the  Royal  Mines  in  Wales,"  under  Charles  I. 

That  the  application  of  steam  to  drain  mines  and  itnpart  motion  to  ma 
chinery  had  begun  to  excite  attention  in  England  before  the  death  of  Ba 
con,  (m  1626)  is  very  obvious.  Of  this  there  are  several  indicntion.s ; 
and  within  four  years  of  his  demise,  a  jMtcnt  was  granted  for  a  method  o( 
discharging  water  "  from  low  pitts  by  Jirr."  Then  he  was  acquainteil 
with  the  writings  of  Porta,  and  consecjuently  with  the  apparatus  No.  1S7. 
No  experiment  or  fact  of  the  kind  illustrated  by  Uiis  could  iiave  cscnped 
him.  even  if  he  had  not  been  engaged  in  the  project  of  recovering  flooded 
mines ;  and  he  was,  to  say  the  least,  as  likely  as  any  other  man  of  his  age 
to  perceive  the  adaptation  of  such  iin  uppnralus  as  No.  187  for  raising  wa- 
ter, and  also  to  apply  it.  We  hear  of  no  such  uses  of  steam  in  diglnnd 
liefiire  his  time,  but  soon  after  his  death  they  make  their  oppeBrance  with 
nut  any  one  very  distinctly  to  claim  them.  It  may  however  be  said,  if 
Bacj-in  raised  water  by  steam,  Bushell,  his  engineer,  would  m<ist  likely 
hax'e  done  the  same  after  the  death  of  the  chancellor,  and  proofs  of  this 
fact  might  be  obtained  from  an  examination  of  the  water- works  of  ilie 
latter.  Had  we  any  account  of  these,  the  question  most  likely  could  i»u 
settled  ;  but  almost  the  only  information  we  have  respecting  the  mnchinea 
and  labors  of  Bushell  is  contained  in  the  extract  above,  and  there  is  bm 
one  particular  from  which  any  tiling  respecting  lh?ir  construction  con  be 
inferred,  viz. — hail  is  said  to  have  lieen  produced  by  thera.  How  this 
«vas  done  we  know  not ;  possibly  by  admitting  high  steam  into  a  close 
vessel,  from  which  wafer  mixed  with  air*"  was  expelled  with  a  velocity 
sufficient  to  produce  ice,  somewhat  in  the  same  manner  as  the  operntfon  is 
performed  by  compressed  air  in  the  pressure  engine  described  at  page  3G2. 
Tiie  same  thing  was  done  by  others  who  we  know  did  experiment  on 
steam,  and  who  performed  the  operation  without  the  aid  of  a  great  full  oi' 
water.  The  Marquis  of  Worcester  makes  it  the  subject  of  the  ISth  pro- 
position of  his  "  Century  of  Inventions,"  in  a  fountain  which  he  says  a 
child  could  invert.  And  a  century  before,  Cornelius  Drcbble  "  made 
certain  machines  which  produced  rain,  liail  and  lightning,  as  naturally  as 
if  these  cfl'ects  proceeded  from  the  sky." 

But  whether  Lord  Bacon  used  steam  or  not — and  it  must  be  admitted 
that  there  is  no  direct  evidence  that  he  did — it  is  interesting  to  know  that 
bis  sreal  mind  was  bent  to  the  subject  of  raising  water  on  the  most  ex 
•.ensive  scale,  and  this  too  at  the  time  when  steam  first  began  lobe  propo 
sod  for  that  purpose  in  England.  On  this  account,  if  on  no  other,  are  his 
labors  entitled  to  notice  here.' 


•  Aooonnt  of  I.ord  Bncon's  Works,  p.  10. 

•  Dr  (ndpfwiirds  Binhop)  lliirneti.  in  liii>  Letter!"  Trom  Italy,  noticing  the  water-works 
at  rre*«ili.  oh*ervc#,  "  llic  mixtiirn  ofwinil  with  tiie  wiiitv  and  liie  thunder  and  fftorms 
ihat  ihismnkelji,  in  noble."    3d  edition.  Itotterdnin,  1(>'7,  p.  243. 

'  Lord  BnronBeema  to  Imve  been  greitly  inlerenleil  in  niiniii);  and  in  the  reduction, 
rompniinding  and  working  of  melnls.  In  biw  'remise  on  the  .Advancement  <>f  Linrning 
he  divklen  nntiirnl  philoeophy  inio  ihe  mine  and  fiirnnce,  mid  philoHopherf*  into  ftiorieerH 
«na«mltb».  ordiffjers  nn.l  hommererB  ;  ibe  former  being  engaged  in  the  iiiqiiiHition  of 
cnime«.  nnd  the  Initer  in  ibe  production  of  elTecI*.  In  hw  "  I'byxiolo^icftl  Heiiinin.H,"  me 
rind  Uievsvingof  fuel  thus  noticed  under  the  head  of"  Eiperinient«  for  rrotil :"  "  Build 
in;  ofchinineys,  riimiicea  and  (>veiw,  tu  give  out  heat  with  lot  wood." 

63. . 
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Three  years  after  Bacon's  death,  tbo  first  printed  account  \«iui  puliliihfd] 
nf  any  modern  attempt  (yel  discovered)  to  communicate  molton  to  5nli<li 
by  bteam,  and  as  usual  an  eoIij)ile  was  employed.  Occupying  a  plsrc  on 
tlif  domestic  hearth,  as  this  instrument  did,  the  shrill  current  procerding 
fnmi  it  must  Iiave  often  excited  altenlion,  and  led  ingoninus  men  to  ex- 
tend the  applicution  of  the  blast  to  other  purposes.  The  first  idea  lli«i 
would  occur  to  a  novice  when  attempting  to  obtain  a  rotary  movpnu'nl 
from  a  current  of  vapor,  would  be  that  of  a  light  wheel,  having  its  wiii«» 
or  vnnes  placed  so  as  to  receive  the  impulse,  in  a  similar  manner  at  little 
paper  wheels  are  made  to  revolve,  wliich  children  support  on  a  pin  or 
wire  and  blow  round  with  the  mouth — or  those  which  resemble  vcntili- 
tors  and  revolve  when  held  against  the  wind  at  the  end  of  a  stick.  Thrsf 
toys  are  vertical  and  horizontal  windmills  in  miniature,  and  ■windniills  and 
smoke-jacks  wore  the  only  instruments  in  the  16th  century  that  revolved 
by  currents  of  air.  Hence  it  was  natural  to  imitate  (he  movemcntj  of 
these  in  the  first  applications  of  steam  ;  and  the  more  so  since  iiteani 
at  that  time  was  generally  considered  to  be  nothing  but  an.*  Siicli  «•.« 
the  device  of  Givrimni  Biiincn,  as  descrilied  in  a  work  entitled  The  Ma- 
chitir,  written  in  Italian  and  Latin,  and  published  at  Rome  in  1623.  The 
volume  contains  sixty-three  engravings.  The  twenty-fifth  represent*  u 
eolipile,  in  the  form  ofn  negro's  head,  and  heated  on  a  bra7ier:  the  hlk>t 
proceeds  from  the  mouth,  and  is  directed  against  pallets  or  vnnes  on  iJie 

ttcri|ihery  of  a  large  wheel,  which  he  thus  expected  to  turn  round;  and 
ly  means  of  a  series  of  toothed  wheels  and  pinions,  to  communicate  mo- 
tion to  stampers  for  pounding  drugs.  He  proposed  also  to  raise  water  by 
it  with  a  chiiin  of  buckets,  to  saw  limber,  drive  piles,  &c. 

It  is  hardly  necessary  to  observe  that  the  a|iparaiiis  figured  bv  Branc» 
•,n  all  probubilily  never  existed  except  in  his  iniagination,  and  thnt  hii 
stampers,  buckets,  saws,  piles,  &c.  could  no  more  have  been  moved  hv 
the  bliist  of  his  eolipile,  than  those  venerable  trees  were  wliich  AV'ilkifU 
and  older  writers  have  represented  being  torn  u[i  from  the  earth  by  a  miii's 
breath — the  blast  being  directed  against  the  vanes  of  a  wheel,  and  llic 
forci?  niuhiplied  by  a  series  of  toothed  wheels  and  pinions,  until  its  energy 
could  no  longer  be  resisted  bv  the  roots.''  Branca  seems  to  have  hnil  thc»e 
childish  dreams  in  his  mind  when  he  proposed  a  continuous  streain  oi 
steutn  from  an  eoIi[>ili!,  in  lieu  of  intermitting  puff's  of  air  from  a  jiersuu'l 
moutli.  Italian  writers  have  however  cluimeil  for  him  the  invention  of 
the  steam-engine,  a  claim  ijuite  as  untenable  as  that  put  forth  in  behalf  of 
Dccaus ;  (lir,  iti  the  first  pliice,  his  inode  of  producing  a  rotary  moiioii  ov 
a  current  of  vnpor  was  not  new  :  all  that  can  be  accorded  to  him  in  tins 
respect  is,  that  lie  perhaps  was  the  first  to  ]>vbli:ili  a  figure  and  description 
of  It.  Then  it  iiuiirates  neitlier  ingenuity  nor  research.  There  probalilt 
never  was  a  boy  ilnit  made  and  played  with  "  paper  windmills"  who  would 
not  have  at  once  suggested  it,  had  he  been  consulted  ;  and  when  eolinilcj 
weie  common,  many  a  lad  doubtless  amused  himself  by  making  his  "mills" 
revolve  in  the  r.urrent  of  vnpor  thnt  issued  from  them.  Moreover.  lli« 
device  is  of  n"-!  practicnl  value.  How  infinitely  does  it  fall  short  when 
compared  wiih  thai  of  Heron,  (No.  ISO.)     The  philosophical  principle  uf 


*  A  horrKon'^l  and  n  vertical  windmill  arn  fisiirt-d  nt  Tolio  49  of  Riviiig'  o-atwladon  at 
Vilrnvius,  A.  II.  l.'vJB. 

••  Hy  ila'  iriiiltiplicntion  of  wlipclimnd  pitiion.i  itwerp  e««y  lo  linve  inn  1e,  say*  Wilkii" 
'ot)H  of  S:nr>|>>'nn'M  tuJrn  ttiiit  wns  «tifivfd  oir,  tn  Itnve  b**t;n  of  more  Atrt-niEilt  lliAnailuf 
th>>iii  ivlii'ii  itiHV  vieu  OH  ;  liy  the  help  of  llici"!!  uri.x  it  m  piiiuible,  n*  I  «hall  deinontlntfc 
fur  aiiv  fiiari  to  \  h  up  Uie  g'eiileflt  onk  by  tbp  rontH  with  tt  sfraw,  to  piili  'i  up  vtiiiktituf 
lit  lo  bloiv  it  up  wiiti  hia  frrnt/i."     Miith  Magic,  book  i,cba|).  14. 


Chap.  5.) 
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recoil  by  wliich  the  Alexandrian  en^necr  imparted  motion  by  steam,  has 
often  been  adopted,  and  engines  resembling  his  are  made  even  at  this  day. 
bill  one  on  tlie  plan  of  Branca  never  was,  and,  without  presumption  it 
may  be  said,  never  will  be.  Tlie  principle  being  bad,  no  modification  or 
extension  of  it  could  be  made  useful.  No  boiler  could  by  it  be  made  to 
work  even  a  pump  to  inject  the  necessary  supply  of  water. 

Mr.  Farey  has  well  observed  that  sieam  has  so  lillle  density,  that  the 
the  utmost  effect  it  can  produce  by  jtrr(u.i.iivn  is  very  trifling,  notwith- 
Btan<ling  the  great  velocity  with  wliidi  it  moves.  The  blast  issuing  from 
an  eolipiie,  or  from  the  spout  of  a  boiling  tea-kettle,  appears  to  rush  out 
^••tb  91-1  much  force  that  at  first  sight  it  might  be  supposed  its  power,  on  a 
larger  scale,  might  be  applied  in  lieu  of  a  natural  current  of  wind  to  give 
•intjtitm  to  machinery  ;  but  on  examination  it  will  be  ftiund,  that  the  steam 
being  less  than  hall  the  specific  gravity  of  common  air,  its  motion  .s  im- 
peded and  resi'tled  by  the  attnnsphere.  As  steam  contains  so  Yf  e  mailer 
or  weiglit,  it  cannot  communicote  any  considerable  force  by  its  impetus  or 
concu5sion  when  it  strikes  a  solid  Inidy.  The  force  of  a  current  of  steam 
also  soon  ceases.  This  may  be  observed  in  a  tea-kettle ;  the  vapor  which 
issues  with  great  velocity  at  the  spout,  becomes  a  mere  mist  at  a  few  inches 
distance,  and  without  any  remaining  motion  or  energy  ;  and  if  the  issuing 
current  were  directed  to  atrike  upon  any  kind  of  vanes,  vnxh  a  view  of 
obtaining  motion  from  it,  the  condensation  of  tlie  steam  would  be  still  tnore 
sudden,  because  the  substance  of  such  vanes  would  absorb  the  beatof  tho 
sifiim  more  rapidly  than  air. 

Brancn's  apparatus  has  been  mnile  to  figure  in  the  history  of  the  stenm- 
enginr.  but  with  eoual  propriety  might  the  child's  windmill  be  introduced 
into  that  of  air-enCTnes,  for  the  analogy  is  precisely  the  same  in  liotli.  His 
device  had  no  influence  in  develnping  modern  engines.  Instead  of  lead- 
iMg  to  the  employment  of  the  fluid  in  close  vessels,  and  to  tlie  use  of  a 
pi-;I"n  and  cylinder,  its  tendency  was  the  reverse  :  hence  so  far  from  indi 
caiins;  the  right  path,  it  diverted  attention  from  it. 

At  I  lie  lime  Branca  was  preparing  his  Iiook  for  the  press,  some  experi- 
ment* on  steam  were  being  made  in  England — or  so  it  would  seem  from 
Sundersiiii's  edition  of  Rymer's  Ffcdera.  In  vol.  xix  is  a  copy  of  a  patent 
or  s|>eci!il  privilege  granted  by  Charles  I  to  David  Ramseye,  one  of  the 
gTMoni''  of  the  privy  chamber,  for  the  following  inventions;  and  dated  Ja 
nuary  21,  1630: 

"  1.  To  multiply  and  make  saltpeter  in  any  open  field,  in  fower  acres 
of  ground,  sufficient  to  serve  all  our  dominions.  2.  Tu  raue  tcater  from 
Unr  jiilli  hy  Jire.  3.  To  mahr  anij  sort  nf  milh  to  gne  on  stnniling  iralera, 
hij  iimtinual  motion,  mlhout  the  help  nf  iriml,  waile  [weight]  or  horfe.  4. 
To  make  all  sorts  of  tapistrie  without  any  weaving  loom,  or  waie  over  yet 
in  use  in  this  kingdomc.  5.  To  male  bnatt,  ihipjiet  and  barges  to  goe 
asoinit  Mtrong  tcind  and  tide.  G.  To  make  the  earth  more  fertile  than 
ti»ual.  7.  To  raine  irnirr  from  low  pinreit,  atid  mynet,  and  cdat  jiiftf,  hy  n 
nrir  irair  merer  yet  in  «-«<•.  S.  To  make  hard  iron  soft,  and  likewise  copper 
U>  lie  tuffe  and  soft,  which  is  not  in  use  within  this  kingdome.  9.  To  make 
yelj.iw  wax  white  verie  speedilie."  The  privilege  was  for  fourteen  years, 
■^d  the  patentee  was  to  pny  a  yearly  rent  of  3,'.  6*.  Hd.  to  the  king.  Mr. 
^•rev  suvs  that  Ramseye  lind  patents  for  otiier  inventions  from  Charles  T, 
ijut  does  not  enumerate  them.  As  it  was  not  then  customary  to  file  spe- 
rificiilions,  there  is  no  record  of  the  <ler:iiis  of  his  plan. 

it  is  singular  that  English  writers  have  passed  over  this  patent  almost 
withiMit  comment,  and  yet  i".  contains  the  first  direct  proposal  to  raise  water 
Iti  t}i«t  couutry  by  steam  of  which  any  account  Hm  yet  been  produced 
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It  mny  perhaps  be  said,  that  steam  is  not  mentioned;  still  it  ia  clparl^  im- 
plied in  the  second  device,  and  was  probably  used  in  the  thirl,  fifUi  «n<j 
ecvenih.     The  very  expression  "  to  raise  water  by  fire,"  is  the  ram^  dial 
Porta,  Decaus,  and  other  old  authors,  used  when  referring  to  such  np- 
plicalions  ol'  steam.      Worcester,  Papin,  Savcry  and  Newcomen,  nil  do- 
scribed  their  machines  as  inventions  lor  "raisinsr  water  by  fire;"  and  hence 
they  were  named  "'  fire  water- works,"  "  fire  machines,"  and  "  fire  enginoi." 
It  sliouid  moreover  be  remembered  that  the  word  steam  -was  not  then  in 
vogue.     It  is  not  once  used  by  the  translators  of  the  Bible.    The  fluid  was 
generwlly  referred  to  as  air,  or  wind,  or  smoke,  according  to  the  appear- 
ances it  presented.     "Rarefying  water  into  ayer  by  fier,"  and  similar  ex- 
pressions, were  common.     The  idea  of  air  in  motion,  or  wind,  was  also 
applied  to  currents  of  steam  :  thus  we  rvad  of  "healing  water  to  make 
wind,"  and  eolipiles  were  designated  "  vessels  to  produce  wind."    From  thi- 
form  of  clouds  which  steam  assumes  when  discharged  into  the  atmosphere, 
it  was  also  mimed  smoke:    thus  Job  calls  it,  in  a  pa.ssage  nirendy  ipiored;! 
and  Porta,  in  describing  the  apjiaratiis  No.  187,  speaks  of  it  both  as  smoke  I 
and  air.    "The  water  [in  the  bottle]  must  be  kept  heated  in  this  way  untili 
no  more  of  it  remains;  and   as  long  ns  the   water  shall  smoke,  (sfumera)] 
the  rtiV  will  press  the  water  in  the  box,"  &e.^-and  again,  "from  that  yuu  ' 
can  conclude  how  miicli  water  has  run  out,  and  into  how  much  air  it  has 
oeen  changed."     Had  Ramsoyc  therefore  called  his  device  a  gleam  ma- 
chine, its  nature  would  not  have  been  so  well   understood  .w   by  the  litlo  I 
he  gave  it,  if  indeed  it  could  linre  been  comprehended  at  all  Viv  the  fonner  I 
term.     The  expression  "raising  water  Ai/ j»?rf"  ap|>ears  to  have  as  di»-] 
tinctly  indicated,  in  the  17th  century,  a  steam-machine,  as  the  lerm  $tea7it-\ 
engine  does  now  ;  and  there  is  no  account  extant  of  any  device  either  po'>*| 
posed  or  used,  in  that  century,  for  raising  water  from  wells  and  mijics  bf\ 
Jire,  except  it  was  by  means  oj  steam. 

The  drtte  nf  this  patent  being  so  near  that  of  the  publication  of  Branci'l^ 
book,  it  may  perhaps  be  thought  that  Ramseye  derived  some  crude  notioni 
from  if.  of  applying  a  blast  of  steam  to  drive  mills  and  raise  water,  assug-j 
gcsted  by  the  Italian  ;   but  we  should  rather  suppose  some  modificntioo  of,J 
or  device  similar  to,  Porta's  (see  page  40?)  was  intended   in  No.  8,  anjl 
that  Nos.  3,  5  and  7  were  deduced  from  it.    When  once  an  eflicient  tnoJii' 
of  raising  water  by  steam  (like  No.  187)  was  realized,  some  iijiplic.-«ii(in  of 
it  to  [n-opel  machinery  would  rca<lily  occur.      We  know  that  buth  t»iivcrv 
and  I'Fipin  and  others   proposed  to  work   mills,  by  discharging  the  water 
they  raised  upon  overshot  wheels;   and  this  idea  was  so  obvious  and  nn- 
lural,  that  hundreds  of  persons  have  proposed  it  in  later  times  without 
knowing  that  it  had  previously  been  done. 

From  the  order  in  which  the  first  three  devices  are  noticed  in  the  prin 
lege,  it  is  possible  that  th(?y  were  all  modifications  of  the  same  thing;  tha. 
the  second  and  third  were  deduced  from  the  first,  and  consequently  in- 
vented independently  of  any  previous  steam  machines.  The  operation  of 
tnaking  saltpetre  or  nitre  consists  principally  in  boiling,  in  huge  vats  nr 
cauldrons,  tlie  lixivium  containing  the  nitrons  earth  ;  and  from  the  Inr^e 
ijuantities  of  water  and  fuel  reijuired,  was  formerly  carried  on  in  iucli 
places  only  as  afforded  these  in  abundance.  At  such  works,  the  idea  of 
employing  the  vast  volumes  of  vapor  (which  escapcrl  uselessly  into  thf 
air)  to  raise  the  hot,  and  subsequently  cold,  liquids,  would  naturally  occur 
to  an  observing  mind,  and  especially  when  the  subject  of  raising  water  by 
steam  was  exciting  attention.  Certainly  the  idea  was  as  likely  to  ccnirtc 
prat:tical  men  while  engaged  in  the  manufacture  of  nitre  in  the  l>e(rinnini; 
of  the  17tli  century,  as  it  was  to  Worcester  and  others  in  tic  middle  ufit 
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bin  and  Savery  at  tlie  close.  Perlmps  it  will  be  said,  nitre  was 
in  Eos'land  at  that  time,  and  therefore  Ramseye  could  not  have 
hint  from  sucii  works;  and  that  ihu  siigs^cstion  could  only  hiive 
red  from  a  long  practical  experience  in  them,  which  he  pmbably 
.  This  may  be  r.riic,  and  it  is  not  improbable  that  he  was  merely 
in  the  business,  having  by  his  influence  at  court  obtained  the 
his  own  as  well  as  the  inventor's  benefit.  The  clause  utiachod 
device,  "  not  in  use  \v-ithiii//(M  kingtiome,"  implies  that  thiy  were 
Snglish  orijjin.  But  wliatever  were  the  origin  and  details  of  thoae 
•  water,  it  is  clear  that  the  subject  of  steam  was  then  abroad  in 
,  and  ingenious  men  in  various  part3  of  JBurope  were  exercising 
to  employ  it. 

irs  to  ua  from  the  caption  of  Ramseye's  patent,  that  No.  S  (raising 
fire)  was  not  the  first  thing  of  tlie  kind  proposed  in  England, 
were  he  would  have  said  so,  as  well  as  of  No.  8,  (softening  iron 
»r)^-nnd  this  further  appears  from  what  he  remnrks  of  No.  7, 
vater  from  low  places,  raynos  and  coal  pitts,"  probably  an  im- 
t  upon  No.  2,  and  differmg  from  all  previous  applications  of 
the  purpose ;  hence  we  are  told  that  it  was  a  "  new  waie,"  one 
'  in  u.te."  Had  not  steam  therefore  been  previously  applied  to 
If,  it  is  exceedingly  probable  that  he  would  have  attached  a  simi- 
l  to  No.  2. 

'eatise  on  Art  and  Nature,  mentioned  page  321,  is  the  olilcst 
English  book  we  have  met  with  thai  illiisirates 
the  raising  of  water  by  steam  with  a  cut.  The 
annexed  figure  is  from  page  30.  It  possibly 
may  have  been  deduced  from  the  one  given  by 
Decaus,  (No.  185)  but  we  should  tliink  not ; 
since,  although  the  volume  is  a  compilation,  nnd 
two  ihiriis  of  it  taken  up  with  "  wnier-works," 
thiTe  is  nothing  except  this  from  which  to  infer 
even  the  slightest  acquaintance  with  Decnus's 
\nntk.  It  seems  to  have  been  copied  without 
alteration  from  some  other  author.  It  is  named 
"A  coHccitrd*  Lamp,  having  the  image  of  a  rock 
titling  on  the  top,  out  of  whose  mouth  by  the 
heat  of  the  lamp  either  toater  or  aijrr  may  he 
tent."  The  device  consists  of  an  eolipile  con- 
taining water  and  heated  by  a  lamp  of  several 
wicks.  The  image  of  the  bird  is  hollow,  and 
c"mmunicau?s  by  a  species  of  three-way  cock 
with  the  steam,  nnd  also  with  a  pipe  that  de- 
scends into  the  liquid ;  so  that  when  the  bird  is 
turned  round  till  an  opening  in  the  moveablo 
disk  to  which  its  lower  part  is  attached  coin- 
I.    A.D.  IS33— 1.  cides  with  another  which  communicates    wiih 

the  steam  in  (he  upper  part  of  the  vessel,  vnpor 
Q  the  mouth  ;  and  when  it  is  tiirneii  till  the  upper  orifice  of  iho 
sponds  with  the  opening  in  the  disk,  then  hot  water  is  driven 
when  the  opening  in  the  di<k  doci  not  coincide  with  either, 
n  escape.  After  observing  that  an  opening  with  a  proper  stop. 
I  be  made  in  the  vessel,  to  charge  it  with  water,  the  writer  con- 

4  Worce«ter'»  Ccnliiry  of  Invention!!,  in  named  "  .\  mo«(  amrrital  Tindor- 
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tinues — "  The  larger  ^nii  make  this  vessel,  the  more  strange  it  will  appear 
in  its  effects,  so  the  lights  [wicks]  he  proporcionttble.  Fill  the  vrssell 
lialfe  full  of  water,  and  set  the  lights  on  fire  underneath  it,  and  afler  » 
short  lime,  if  you  turn  the  holes  that  are  on  the  sides  of  the  pijws,  thit 
they  may  answer  one  anoliier,  the  water  being  by  little  and  little  coo- 
verted  into  ayer  [steam]  by  the  heat  of  the  lights  that  are  underneath,  will 
breath  forth  at  the  mouth  of  the  cock  :  but  if  you  turn  the  mouih  of  tSe 
cock  the  other  way,  that  the  holes  at  the  bottom  of  the  pipes  may  answer 
each  to  other,  then  there  being  no  vent  for  the  ayer  to  breath  out,  it  will 
presse  the  water  and  force  it  to  ascend  the  pipe,  and  issue  out  where  tli« 
ayer  breathed  out  before.  This  is  a  thing  may  move  great  aiimimcinn  in 
the  unskllfull,  and  such  as  understand  it  not.  Other  dfricri,  UTul  Oiat 
much  more  strange  in  their  effects,  may  he  amtrived  from  hetice."* 

Kircher,  in  1041,  described  in  his  Ar*  .l/i/^r/ica'"  the  device  for  raiiine 
water  figured  in  the  margin,  a  model  of  which  waa  founa 
in  his  museum  after  his  death.  A  close  vessel  containing 
the  water  to  ue  elevated  is  connected  by  a  pipe  that  pro- 
ceeds from  its  upper  part  to  the  lop  of  the  boiler,  which 
is  supported  or.  a  Irevet.  When  tlie  boiler  was  healru, 
steam  ascended  through  the  pipe,  and  accumulating  in  lh« 
upjier  vessel,  forced  llie  water  up  the  jet-j>ipe  u  repre- 
sented. 

Tins,  it  will  be  seen,  is  Porta's  machine  (No.  187) 
adapted  to  the  operation  of  raising  licjuids,  which  it  rx- 
hil)its  in  a  very  neat  and  Ratisfactory  manner.  It  is  not 
however  equally  clear  that  Kircher  had  any  idea  of  adapt- 
ing the  ]>lan  to  the  draining  of  mines,  or  other  hydraulic 
pur[)()ses  in  the  aria.  Had  such  been  the  case,  he  woulJ 
most  likely  have  mentioned  it  in  his  Mundus  Subtrrranett, 
a  work  publisbed  some  years  afterwards,  and  in  the  se- 
cond volume  of  which  he  figures  and  describes  the  ordi- 
nary machines  then  in  use,  vix.  the  bucket  and  windlass, 
clmin  of  pots,  chain  pump,  and  atmospheric  pumps.  Thf 
fin-in  of  the  model  (an  imilation  of  a  vase  supported  on  a 
column)  rendered  it  an  apj)ropriato  addition  to  hi*  phi- 
losopliiciil  apparatus. 

In  164. '5,  the  great  discovery  of  atmospheric  presfarc 
was  maile  ;  a  discovery  whose  influence,  like  that  of  the 
atmosphere  itself,  is  fell  more  or  less  in  every  art  and  evrrv 
science.  It  led  in  a  very  short  time  to  a  series  of  inventions  of  Hie  highnl 
value,  among  which  the  reciprocating  steam-engine  should  probably  b< 
placed.  We  mention  it  here  in  chronological  order,  that  its  influence  in 
developing  and  improving  the  machine  just  named  may  l>e  more  readilj 
appreciated  when  we  come  to  notice  subseijuent  attempts  to  impart  motion 
by  steam. 


No.  lOU.    KIrcber. 
I«4I. 


•  Mm  Bait,  who  piitdiBlipH  n  tr>-alise  on  Fire  works  In  11535,  wiw  perhnpii  ihr  coiupilfi 
of  tins  curious  volume.  Striitt.  in  lii»  S|)ort«  nnil  Paxliuieii  of  llie  People  or  Kngbinl. 
miolen  IIbIk'h  bonk,  but  il  would  speiii  llial  (lie  xnttie  ciilB  were  not  in  bolji,  for  wbra 
speiikiii*;  of  tioyt'  kifri.  .Strtilt  tili<'ervf<  thai  iIh;  (nrlipsl  nonce  oflheiu  lliul  lie  could  Aiiil  { 
ill  liudks  was  ill  uii  Ki'xli«li  nod  French  Uiriioimry  of  l('i!K);  whereas  there  is  a  htiire 
of  0  uiun  llyin^' oiii'.  Willi  craikers  and  uUiur  tire-workn  attached  to  the  tail,  in  the  •»- 
sond  part  oi '"  .■\rl  and  Nutiirc." 

I*  This  work  was  piib(i<lied  in  rjiinrio.  at  Koine  and  Coloiine.  in  1(J41  ;  jnd  in  foha 
..  Rome,  in  l(>54.  Caialnjiiie  of  Kirrhor'n  Works  at  the  end  of  tlie  lirsl  vohuiwol 
Mtatiliu  Subttrranemt.  Ainiilfrdaigi,  il}(>.'i 
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Some  remarkably  ingenious  experimentalists  fluurished  abcut  tVe  middle 
the  I7ih  century,  whose  names  have  perished  ;  and  of  their  labors  no- 
iing  is  known,  except  an  enumeration  of  the  uses  to  which  some  of  ilicir 
ventiiins  could  l>e  applied.     An  example  of  this  is  furiiislied  by  an  iiiio- 
mous  piimphlei,*  published  in  1651, from  which  the  following  extiiict  is 
ken.     The  device  referred  to  seems  to  have  possessed  every  attribute 
«  modern  high-pressure  engine,  and  the  various  applications  of  the  laltei 
appear  to  have  been  anticipated.     "  Whereas,   by   the  blessing  of  God, 
who  only  is  the  giver  of  every  good  and  perfect  gift,  while  1  was  search- 
ing after  that  which  mar.y,  far  before  me   in  all   humane   learning,   have 
ught  but  not   yet  found,  vis.  a  perpetual  motion,  or  a  lessening  the  dis 
nee  between  strength  and  time  ;  though  I  say,  not  that  I  have  fully  ob 
ned    the    tliiug   itself,   yet   I   have   advanced   so   near  it,  that  already  I 
cnn,  with  the  strength  or  hclpe  of  four  men,  do  any  work  which  is  done  in 
nglaud,  whether  by  winde,  water  or  burses,  as  the  grinding  of  wheate, 
pe,  or  raising  of  water ;  not  by  any  power  or  wisdome  of  mine  own, 
ut  by  God's  assistance  and  (I  humbly  hope,  after  a  sorte,)  immediate  di- 
ction, I  have  been  guided  in  that  search  to  ireade  in  another  pathe  than 
ever  any  other  man,  that  I  can  hear  or  reade  of,  did  trcade  before  me ; 
yet,  with  so  good  success,  tliat  /  have  alreaity  errrtcd  one  little  engine,  or 
great  niodrl,  at  Lambeth,  alilo   to   give    sufficient   demonstration  to  either 
artist  or  other  person,  that  my  invention  is  useful  and  beneficial,  (let  others 
MV  upon  proof  how  much  more,)  as  any  other  way  of  working  hitherto 
known  or  used."      And  he  proceeds  to  give  "  a  list  of  the  uses  or  applica- 
'  »ns  for  which  these  engines  are  fit,  for  it  is  very  difficult,  if  not  inipossi- 
le,  to  name   them  all  at  the  same  time.     To  grind  malt,  or  hard  cnrne ; 
grind  seed  for  the  making  of  oyle ;  to  grind  colours  for  potters,  painters, 
glnsse-houses ;  to  grind  barke  for  tanners;  to  grind  woods  for  dyers; 
grind  sjiices,  or  snufie,  tuliacco  ;  to  grind  brick,  tile,  earth,  or  stones  for 
ilaster;  to  grind  fugar-cane* ;  to  draw  up  coales,  stones,  are,  or  the  like, 
T  materials  (or  great  and   high   buildings;   to  draw  ici/rc ;  to  draw  water 
■om  mines,  nieers,  or  fens  ;  to  draw  water  to  serve  cities,  townes,  castles; 
nd  to  draw  water  tt>  flood  dry  grounds,  or  to  water  grounds  ;  to  draw  or 
half  thijyg,  boatrs,  i/c.  vp  rivcrt  against  the  ttream  ;   to  draw  earl.i,  iragons, 
i{C.  a.i  Jiut  witliuut  cat  I  el ;  to  draw  tlie  plough   without  eattel  to  the  sama 
dtxiMilrh  if  nifd  be;   to  brake  lii-m(ie,  flax,  &c.;  tu  weigh  anchors  with  l-fss 
tniiible  and  miimrr ;   to  spin  cordage  or  caliles;   to   bolt   nieale   fasler  and 
line;   to  saw  stone  and  limber;  to  polish  any  stones  or  mettals;  to  tume 
""'J  g''''<^f  irorks  in  in/nil,  .stone,  mettaJs,  If:  that  could  hardly  be  done  be- 
fore ;   tiifilr  ;««<•/«  rheajnr  in  all  great  worlu ;  to  bore  wood,  stone,  met/ah; 
:o  thrashe  corne,  if  nee<l  be;  to  winnow  corne  at  all  times,  better,  cheaper, 
For  paper  mills,  thread  milh,   iron  mills,  plate  mills;   cvm  multit 
tit."     If  litis  extraordinary  engine  of  motion,  observes  Mr.  Stuart,  to 
horn  we  are  indebted  fur  the  cxinict,  was  not  some  kind  of  a   steam 
engine,  the  knowledge  of  an  equally   plastic  and  powerful  motive  agent 
has  been  utterly  lost. 

Steam  is  not  here  indicated,  Init  it  is  difficult  to  conceive  any  oilier 
ent,  unless  some  explosive  compound  Ihj  supposed,  by  which  the  pres 
re  of  the  atmo6)ihere  was  excited.  That  the  engine  consisted  of  a 
orking  cylinder  and   piston,  and  the   latter  moved  by  steam,  must  wo 


•  Itirention  of  Enginer  of  Motion  lattli/  hrnughi  lopnffrlion;  "  whereby  may  he  deKpnleh 
'  «iiv  work  now  donr  in  Ktiglund.  nr  cUowluTe.  (K-'^|»'ciallv  wfirkii  that  rf^qnirc  ^tren^lh 
I  «wiOneM,)  either  hy  wnier.  wind  c.iiiel.  m  nien.  and  that  with  better  itreeiiimodii 
>roD  and  more  profit  Uiiui  hy  iiiiy  tiling  hitherto  known  an'l  u.^cd  ''     London,  1t}31. 
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ifiiiik  bo  admitted  ;  for  iill1ii)u:;)i  mosl  nf  the  opcrotioDs  montioned  tnighl 
hav<!  IjcTii  jiurlornied  by  forcing  up  water  on  an  oviTshot  wheel,  by  *a 
apjmnitiia  gitnilar  to  Papin's  or  Savery's  slearn-eiigiiics,  lliere  are  ofhert 
to  wliidi  suth  a  mode  was  quite  inapplicable,  as  raising  of  anchor*,  of 
pnipclling  carls,  wagons  and  ploiiglis.  The  inventor,  whoever  he  w»s, 
lias  fiiveii  proofs  of  an  extraordinary  sagacity,  for  every  operation  nnmetl 
by  liim  is  now  ofFectcd  by  the  steam-engine,  except  raising  ibe  anchors  of 
steani-vt'Sfels  and  jiloughing.  The  latter  is  at  present  the  sulject  of  ex- 
periment, and  the  former  will  in  all  probability  be  soon  adopted.  The 
author's  laliors  were  most  likely  not  appreciated  by  his  coniemporarics, 
and  113  the  world  is  always  too  apt  to  think  the  worst  in  such  cases,  the 
whole  will  probalily  now  be  set  down  by  some  persons  as  the  dream  of  i 
sanguine  piojiclor — the  jixlgment  commonly  passed  upon  those  who  are 
in  advance  of  the  age  they  live  in.  Of  this  lamentable  truth  several  ex- 
amples will  Ite  found  in  this  volume,  and  in  the  history  of  every  imp)naiit 
invention.  We  shall  notice  two  here,  as  they  relate  to  two  of  the  nuMt 
valuable  applications  of  steam.  Oliver  Erant,  in  1786,  urged  npon  i 
committee  of  the  legislature  of  Pennsylvania,  the  advantages  to  be  derived 
from  steam-boats  and  "steam-wagons,"  and  predicted  their  nnireml 
adoption  in  a  short  time.  The  opinion  which  the  committee  formed  of 
him  was  expressed  a  few  years  afterwards,  by  one  of  its  members,  in  the 
following  words  :  "To  tell  you  the  truth,  Mr.  Evans,  we  thought  you 
were  deranged  when  you  spoke  of  making  *lram-iccgc"is^'  The  other 
relates  to  John  Fitch,  a  clock  and  watch  maker,  than  whom  a  more  inge- 
nious, persevering  and  unfortunate  man  never  lived.  In  spite  of  difHcullJei 
that  few  could  withstand,  he  succeeded  in  raising  the  means  to  construct 
a  3tfam-l)ont,  which  Vie  ran  several  times  from  Philadelphia  to  Burlington 
and  Trenton  in  17SS.  As  a  first  atlempt,  and  from  the  want  of  proper 
mnnufactiiries  of  inachincrv  at  the  time,  it  was  of  necessity  imperfect: 
then  public  opinion  was  unfiivonible,  and  the  shareholders  finally  aban- 
doned the  scheme.  His  feelings  may  be  imagined,  but  not  described ; 
for  ho  saw  and  predicted  the  glory  that  awaited  the  man  who  should  suc- 
ceed in  introdiiiiiifr  such  vessels  in  more  favorable  times.  "  The  day  will 
come  [he  observel]  when  some  more  powerful  man  will  pet  fame  ami 
riches  by  my  invention,  but  nobodv  will  believe  that  poor  .Tobn  Filch  can 
do  any  thing  worthy  of  attention."  He  declared  that  within  a  century 
tlie  western  rivers  would  swarm  with  steam-vessels,  and  he  expressed  ■ 
wish  to  be  buried  on  the  margin  of  the  Ohio,  that  the  music  of  marine  en- 
gines in  passing  by  his  grave  might  echo  over  the  so<l»  that  covered  him. 
In  u  letter  to  Mr.  Rittenhouse,  in  1792.  he  shows  the  applicability  of  sieam 
to  propel  ships  of  war,  and  asserts  that  the  same  agent  would  be  adopted 
to  navigate  the  Atlantic,  both  for  packets  and  armed  vessels.  Descanting 
on  one  occasion  upon  his  favorite  topic,  a  person  present  observed  as  Fitch 
retired,  "poor  fellow!  what  a  pity  he  is  crazy!"  He  ended  his  life  in  a 
fit  of  insanity  by  phmging  into  the  Allegany.* 

In  tracing  tlie  progress  of  discovery  which  resulted  m  the  steam-engine, 
we  have  seen  that  the  two  grand  properties  of  aqueous  vapor — its  elastic 
energy,  and  the  instant  nnniliihition  of  this  energy  by  condensation — were 
well  known  in  the  16th  century.  On  these  properties  of  steam  were  bnse<i 
all  the  eflbrts  of  experimenters  to  accomplish  the  two  great  objects  thcj 
hud  in  view;  i.  e.  to  impart  motion  by  it  to  general  mechanism,  and  to 
employ  it  as  a  substitute  for  pumps  to  raise  water.     Before   either  tlis 

•  Supplement  to  Art.  "  Sieam-Boal."  Ed.  Encyclonerlin.  Iiir  Dr.  Messn :  and  Wslfia'l 
"  Early  Sctilemetu  and  Progress  of  I'hiladf'pliia,"  &c.     Pliil    1833. 
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tic  foice  or  the  condensalion  nf  stearn  could  be  beneficially  a|  plied  tc 
••e  motian  dirrcllif  lo  solids,  snme  plan  very  differeiU  from  that  of  Branca 
wa3  requif-ed — one   by  which    tlie    fluid    could    be   used    in   vloie   vessels 
Now  there  is  in  the  whole  range  of  mechanical  combinations  but  one  de- 
vice of  the  kind  yet  known,  and  it  has  but  few  modificnticms,  viz.  a  pitton 
and  cylin'ler.      Experience  hus  proved,  that  of  all  conirivaiices  for  trans- 
mitting the  force  of  highly  elastic  iluids  lo  solid  bodies,  this  is  the  best. 
Thus  guns  are  cylinders,  and  bulh.-ts  arc  pistons,  fitted  to  fill  the  bore  and 
al  the  same  time  to  move  lii rough   the   straight   barrels.      It  is  llie  same, 
Hllatever  the  impelling  agent  niuy  be;  whfdier  gun-powder,   steinn,  or 
Hvmprcssed  air.      The  air-guns  of  Ctesibius   are   the   oldest   machines  of 
the  kind  on  record,  and  from  them  we  see  that  the  ancients  had  detected 
^^B  mode  of  employing  aeriform  fluids. 

^■tSteam-cngines  simply  considered  are  but  modifications  of  guns.     In  the 

^Kter,  the  bullet  or  piston  is  driven  entirely  out  of  the  cylinder,  and  in 

nne  direction  only,  because  the  intention  is  to  impart  the   momentum  to  a 

distant  object  at  a  blow  :  but  by  the  furraer  the  design  is  to  derive  from 

the  moving  bullet  a  continuous  force;  hence  it  is  not  allowed  to  leave  the 

cylinder,  but  is  raaile   to   traverse  incessantly  backwards  and   forwards 

within.      In  order  to  transmit  its  impetus   to  the  outside  of  the   cylinder 

and  lo  the  oiijects  to  be  acted  upim,  a  straight  rod  is  attached   to  it,  and 

made  to  slide  through  an  opening  in  one   end  of  the  cylinder.     It  is  by 

means  of  this  rod  that  motion  is  imparted  to  the  machinery  intended  to  be 

moved.     All   the   meciianism,   the  wheels,  cranks,   shafts,  drums,  ice.  of 

^Bam-engines  are  but  appendages  to  the  cylinder  and   piston  ;  they  may 

^B   removed    and    the   energy  of  the   machine  still    remains;    but   take 

^^ay  either  cylinder  or  piston  and  the  whole  becomes  inert  as  the  limbs 

^Ban  animal  whose  heart  has  ceased  to  beat.    Therefore  it  is  the  working 

^Hinder  and  piston  alone  that  give  efficiency  to  modern  steam-engines ; 

^Bd  it  \i  to  those  persons  who   contributed   to   introduce  them,   that  the 

glory  attending  the  invention  of  these  great  prime  movers  is  chiefly  due. 

t Whatever  may  l>e  said  respecting  more  ancient  applications  of  steam  as 
noviiig  power,  moilern  engines  arc  one  of  the  results  of  the  discovery 
atmospheric  pressure.  All  tlie  early  ones  of  which  descriptions  arc 
extant  were  rather  a»V  than  steam  machines,  not  being  moved  by  the  latter 
fluid  at  all.  Their  inventors  had  no  idea  of  employing  the  elastic  force 
of  steam,  Viut  confined  themselves  to  the  atmosphere  as  a  source  of  motive 
force  :  hence  they  merely  applied  steam  in  lieu  of  a  syringe  to  displace 
air  from  a  cylinder,  that,  when  the  vajior  became  condensed  by  cold  into 
a  liquid,  the  atmospliere  might  f  >rce  dtrwn  the  piston.  That  this  was  the 
^Way  in  which  modem  engines  took  their  rise  appears,  further,  from  the 
^Bne  feature  being  retained  in  a  great  portion  of  them  to  this  day.  They 
^re  now  ranged  in  three  classes — 1st  almoxphcric,  2d  loio  prrmurt,  and  3d 
high  prcMtire  engines;  and  this  we  know  is  the  order  in  which  they  were 
developed.  In  the  first,  the  power  is  derived  exclusively  from  the  atmos- 
phere, the  vapor  employed  being  used  only  as  a  substitute  for  an  air-pump 
in  making  a  vacuum  under  the  piston.  In  process  of  time  the  secoml  w<!a 
devised,  in  which  the  elastic  force  of  stearn  is  made  to  act  against  one  side 
of  the  piston,  while  a  vacuum  is  formed  on  the  opposite  side.  The  next 
Step  was  to  move  the  piston  by  the  steam  alone,  anci  such  are  named  high- 
pressure  engines.  The  term  i/cam-engine  is  therLTiire  not  so  definite  as 
some  persons  might  suppose,  since  it  is  not  confined  to  those  in  which 
steam  is  the  prime  mover.  Had  it  not  been  for  Torricelli's  iliscovery,  il 
is  possible  that  we  should  never  have  known  any  other  species  of  steam- 
pngine  ilian  those  of  the  third  class;  and  heuco  we  repeat,  that  whatever 
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m«y  be  thought  of  engines  made  previous  to  the  17lh  century,  those  cf 
modern  days  were  t)bviously  derived  frmn  atmospheric  ones  of  the  firjrt 
class,  while  these  in  their  turn  were  very  likely  deduced  from  the  appa- 
ratus described  in  the  next  paragraph. 

Olto  Guerricke,  of  whom  we  spoke  at  page  190,  one  of  the  earliest,  and 
as  far  as  mechanical  ingenuity  went  perhaps  iho  most  gifted,  of  the  early 

elucidators  of  atmospheric  pri->sure, 
e^hiliiicd  in  his  public  experiments 
at  Ratisboii,  in  1654,  the  fuUowing 
application  of  that  pressure  as  a  mo 
tive  force.  A  large  cylinder,  A,  was 
firmly  secured  to  a  post  or  frame. 
It  was  open  at  the  top  and  closed  at 
the  bottom,  and  had  a  piston  accu- 
rately fitted  to  work  in  it.  A  rope 
was  fastened  to  the  piston-rod  and 
passed  over  two  pulleys,  B  C,  as  rep- 
resented, by  which  was  suspended  a 
sciile,  D,  containing  several  wei-jhts. 
When  the  air  was  wiliidrawn  from 
the  lower  part  of  the  cylinder,  the 
pressure  of  llie  atmosphere  depress- 
ed the  piston  and  raised  the  scale  and 
weights.  To  vary  the  experiment, 
the  weights  were  removed  and 
isventy  men  were  employed  to  pull 
at  the  rope  with  all  their  strength  ; 
but  as  soon  as  a  vacuum  was  made  by  the  small  air-pump  attached  to  the 
bottom  of  the  cylinder,  the  piston  descended,  notwithstanding  all  their 
efforts  to  prevent  it. 

This  is  the  oldest  apparatus  on  record  for  transmitting  motion  to  solids 
by  a  justoii.    We  can  however  hardly  believe  that  it  was  the  first  devised 
for  till!  piirpiise.     It  would  be  strange  if  it  were;  for  whatever  may  hare 
been   the   iiuture   of  Aiitliemius's,   Garay's,  and   other  old   machines  in 
which  steatii  Wits  [he  active  principle,  pumps  and  syringes  had  been  too 
comnwii,  and  experiineiits  with  them  too  frequent,  for   such    a    device  to 
have  been  unknown.     Such  men  as  Aristotle  and  Archimedes,  Ctesibius 
Heron,  Rojjer  Bacon  and  their  successors,  were  all  aware  that  a  syringe 
presented  the  satne  phenomenon  as  Guerrickc's  apparatus,  when  the  pis- 
ton was  drawn  up  while   the   discharging  orifice  was  closed  :  the  same 
thing  was  also  observed  with  common  pumps  when  the  suction-pipes  were 
either  closed  or  choked.     Expi'rtrneuts  therefore   to   illustrate    the    force 
thus  excile<l  were  in  all  probability  made,  and  with  apparatus  similar  to 
that  of  the  Prussian  [iliilosopher,  long  before  liis  time,  although  no  account 
of  them  is  extant.    But  if  even  such  had  been  made,  they  would  not  lesson 
in  any  degree  the  merit  of  Guerricke,  since  his  experiment  undoubtedly 
originated  with  himself,  and  all  knowledge  of  similar  ones  had  been  lost 
In  this  device  we  bt'hold  the  same  moving  force,  and  the  same  mecha- 
nism fir  applying  it,  as  were  subse(piently  adojited  in  steam-engines,  which 
at  first  were   little  more  lliiin   cupies  of  this  :   for  example,   had  a  loatled 
pump-rod  been  suspended  to  the  rope  instead  of  the  scale  and   weights, 
ttie  apparatus  would    have  differed   from  Newcomen's  engine  only  in  the 
mode  of  exciting  the  atmospheric  pressure.      To  Guerricke,  therefore,  is 
due  the  credit  of  having  not  only  pointed  out  the  power  which  alone  ^va 
efficiency  to  the  first  steam-machines,  but  also  of  devising  the  most  eir<.>e 
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hial  means  of  employing  it  No  one  could,  we  think,  clainr  an  equal  de- 
gree of  merit  for  simply  applying  (not  invenlin»)  another  mode  of  produ- 
cing a  vacuum  under  the  pislon;  but  without  insisting  on  this,  it  may  bo 
observed  tliat  even  at  present,  in  all  low-pressure  engines,  the  vacuum  it 
made  ju.tt  as  Guerricke  made  it,  viz.  by  an  air-pump;  so  that  ihe  ini|irufui 
of  his  genius  on  the  steam-engine  is  no  more  obliterated  in  lliis  respect 
tlian  it  is  in  others.  Every  unbiassed  mind  will  therefore  admit,  that  an 
honorable  place  in  its  history  should  be  assignM  to  the  phllos()|)hei  ul 
Magdeburg. 


CHAPTER    VI. 


RewoQi  of  olJ  iiivpntori  for  concealing  Ibeir  ditcoreriea— Century  of  lliventioni — Marquii  of  Wnr- 
ewtnr— Hi*  liiireiitiotu  niulured  brfore  the  Ctvit  \V«r^— Several  rcTivod  iloce  liii  ilentli — Prohlrui*  io 
tl»e  "Ceutory"  tn  older  autlior* — Bird  rnnAtilic  itMlf—lmprttoniug  Chair — Portxbic  F«trtiricnltou»— 
Fixing — Dirlnir— Drclihle't  Submarine  ?bip — The68lh  Problem — Thia  remarkably  explicit — Thedt-'viee 
coaaltted  of  oue  boiler  and  two  rcceivcra — The  receiver!  thnrped  by  almoypheric  pren-jre — Three  and 
four-nay  cnclu^Au  hydraulic  iDttchine  of  Worceater  mcutioiied  by  Coaoio  de  Hedicij — Worceslrr'a 
Mtfcbloe  auperior  to  preceding  onea,  and  aiuiilar  to  Savery'a — Piaton  Steam-Engine  olao  uiade  by  biui- 
Copy  ofUie  laal  three  Problemain  the  Century — Ingenioua  mode  of  auiling  them — Forcing-Pninpr  work 
•d  by  Steajli-Enpinea  intended — Ancient  Riddle — Steem-Koat  invented  by  Worcester — Projni-iora  doo- 
pUoil  ia  bia  time — Patenteea  caricatured  in  a  public  proceaaion — Neglect  of  Wort-eater — iliadeatl^^ 
PcfoMuliouof  lii»«idow — Worceater  one  of  the  (reatftat  Nediuiiclaiuof  any  age  or  outiou — Glauber. 


As  yet  we  have  not  met  with  any  definite  description  of  a  sfpaTn-eniriiie 
m  Rctual  use.  This  can  only  be  accounted  for  from  the  fact  that  olil  in- 
ventor* were  all  jealous  of  the  printing-press.  They  believed  their  inte- 
rest required  concealment  on  their  piirt,  thnl  pirates  might  not  rob  thera 
of  tlieir  laltors.  They  have  been  blameil  for  litis,  and  so  have  some  mo- 
dern mechanics,  but  we  think  without  reason  ;  for,  to  obtain  satisfaction 
at  law  in  such  cases,  was  formerly  ns  difficult  as  it  is  now  in  most  cases. 
To  have  to  purchase  ;«M//cf,  as  in  a  lottery,  with  money,  is  bad  in  itself, 
and  worse  because  those  without  mnni^y  cannot  obtain  it;  but  to  have  to 
give  more  for  it  than  it  is  worth,  if  perchance  it  be  awarded,  is  a  disgrace 
to  enlightened  nations — an  evil  that  savages  would  not  for  a  moment  en- 
dure. It  is  thus  that  law,  though  ordained  to  promote  justice,  is  so  pros- 
tituted ns  not  only  to  defeat  the  object  for  which  it  was  di-signed,  but  to 
cherish  the  grossest  injustice.  It  has  always  been  a  bar  to  the  progress  of 
the  arts.  The  difficulty  antl  expense  of  obtaining  and  preserving  an  ex- 
clusive right  to  their  inventions — that  is,  to  their  own  property — have  in- 
Tioced  inventors  more  or  less,  in  every  age,  to  contreal  their  discoveries  till 
death,  and  even  then  to  destroy  all  records  respecting  them. 

When  old  inventors  were  dolicitous  of  public  patronage,  instead  of  es- 
tablishing their  claims  to  it  by  explaining  the  principles  anil  operations  of 
their  machines,  they  contented  themselves  with  ennmcrarinpf  their  uses 
and  good  qualities  merely.  They  proclaimed  the  !;reat  things  that  cniild 
l)e  done,  but  studiously  concealed  the  modes  and  means  of  doing  ihem: 
hence  new  inventions  were  sometimes  aiinoiinred  enigmatically,  the  mnv- 
<ng  or  constituent  priticiples  being  so  obscurely  hinted  at  tiiat  few  readerr 
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cuuld  apprehejiJ  •.hem.  Of  this  mode  of  exciting  public  attention,  the 
accoiiiil  of  the  ei  gine  of  motion  in  the  last  chapter  is  an  example;  and 
several  more  may  bo  seen  in  the  pamphlet  published  by  the  Miin^uis  of 
Worcester,  in  1G63,  entitled  "  A  Century  of  the  Names  an<l  Scantlingg 
[outlines  or  hints]  of  such  Inventions  as  at  present  1  can  cull  to  mind  to 
have  tiied  and  perfected  ;  which,  my  former  notes  being  lost,  I  have,  at 
the  instance  of  a  powerful  friend,  endeavored,  now  in  the  year  1655,  to 
to  set  down  in  such  a  way  as  may  sutRciently  instruct  me  to  put  any  of 
iheiu  in  practice."  Tiiis  book  is  made  up  of  one  hundred  invcntioni^ 
numbered  from  one  upwards.  It  contains  a  distinct  reference  to  a  work- 
ing steam-machine  for  raising  water,  and  also  hints  by  which  its  nature 
and  construction  are  pretty  clearly  ascertained.  There  is  some  reason  to 
lielieve  that  the  modern  high-pressure  engine  is  also  referred  to.  From 
the  circumstanoo  of  the  author  having  figured  largely  in  the  civil  wars,  he 
having  been  an  enthusiastic  uilherent  of  Charles  1.  and  of  monarchy,  his 
character  and  that  of  his  book  have  been  represented  in  the  best  and  worst 
of  lights.  By  his  enemies  he  was  held  up  as  false  and  unprincipled  in 
the  highest  degree ;  by  his  friends,  as  chivalrous  and  of  unspotted  honor. 
The  "  Century  "  has  been  denounced  as  a  scheme  to  impose  on  the  cre- 
dulity of  mankind — the  dream  of  a  visionary — and  Hume,  in  his  Histoi^, 
goes  so  far  as  to  name  it  "  a  ridiculous  compound  of  lies,  chimeras,  and 
impossibilities."  On  the  other  hand,  it  has  been  received  by  many  (and 
generally  by  practical  men)  in  the  light  in  which  the  author  represents  it, 
viz.  as  a  memorial  of  inventions  actually  put  in  practice  by  him — such  as 
he  had  really  "  tried  and  perfected." 

With  the  politioaJ  conduct  of  Worcester  we  have  nothing  to  do.  He 
naturally  enough  supported  that  system  by  which  he  and  the  rest  of  the 
Lords  acquired  and  etiuiled  their  exclusive  privileges;  among  which  the 
abominable  one  of  being  legislators  by  htrt/i  was  perhaps  the  most  odious 
and  unnatural.  On  the  fall  of  the  king  he  retired  to  the  continent,  but.  at 
the  request  of  Charles  II,  ventured  to  visit  London  in  disguise  in  1656, 
Being  discovered,  he  was  arrested,  and  confined  in  the  Tower  until  the 
reestablishment  of  monarchy  in  1G60.     He  died  in  1G67. 

We  have  no  positive  information  respecting  the  time  when  he  com- 
menced his  mechanical  researches.  There  is  however  reason  to  tielieve 
that  most,  if  not  all,  the  inventions  enumerated  in  the  "Century"  were 
matured  before  the  civil  wars  broke  out,  and  consequently  that  the  account 
of  them  was  drawn  up,  as  lie  declares,  in  1655.»  No.  56  he  observes  was 
tried  before  Charles  I,  Sir  William  Bidfour,  and  the  Dukes  of  Richmond 
and  Hamilton;  and  this  coutd  not  have  been  later  tlian  1641,  fijr  Balfour 
was  disniissed  that  year.  In  addressing  the  Century  to  Parliament,  he 
mentions  having  had  "  the  unparalleled  workman,  Caspar  Kaltolf."  in  hil 
em|>li>yinent  "  these  five  and  thirty  years,"  and  who  was  at  that  time 
(IGGI)  engaged  in  his  service.  Tliis  carries  hack  his  experiments  to  1C28. 
Some  of  his  "  water- works"  were  in  operation  in  his  father's  castle  (»t 
Ragland,  in  Wales)  at  the  commencement  of  the  Long  Parliament,  (1640) 
for  by  their  sudden  movements  he  is  said  to  have  frightened  certain  adhe- 
rents of  the  Parliament,  who  went  to  search  'he  castle  for  arms.  The  na- 
tu.-e  of  these  works  is  not  Indicated,  except  that  they  consisted  of  "several 
engines  and  wheels,"  and  that  large  quantities  of  water  were  contained  in 
reservoirs  on  tlie  tap  of  a  high  tmocr.  Whether  steam  was  the  agent  em- 
ployed to  raise  this  water  is  unknown.  It  could  not  have  been  if  thetr*- 
dition,  credited  by  some  writers,  was  true,  viz.  that  his  attention  was  fire; 


•  Tlie  Crniiiry  h  copied  in  vnl.  xiii  of  Tilloch'i  Phil.  Mag. ;  and  llio  editor  renioiU 
"  iLis  liille  tract  was  firti  piibUsliud  in  1(>55." 
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Ivn  to  the  employment  of  steam  by  observing,  tchile  a  pritorjcr  in  tht 
^rr,  a  pot-lid  raised  or  thrown  off  by  it.  If  lliis  was  the  case,  then  no 
jodence  can  be  placed  on  Worceslcr's  assertion,  that  the  wliole  Cen- 
was  written  in  1G56;  but  there  is  no  reason  to  question  his  \'eracity 
lis  respecL  On  the  contrary,  the  tradition  is  obviously  a  fable;  one 
haj  iH'en  applied  to  others  as  well  us  to  him. 
Ithough  many  of  the  devices  in  the  Century  appear  at  first  sight  ex- 
..  ~..ie]y  absurd,  and  others  impossible,  yet  every  year  is  producing  a  solu- 
tion of  one  or  more  of  tliera.  One  half,  at  least,  of  the  number  have  been 
realized;  among  which  are  telegraphs,  floating  baths,  short-hand,  combi- 
nation locks,  keys,  escutcheons  and  seals,  rasping  mills,  candle-moulds, 
engmes  for  deepening  harbors  and  docks,  contrivances  for  releasing  unruly 
horses  from  carriages,  torpedoes,  diving  apparatus,  floating  gardens,  bucket 
engines,  (see  page  61  of  this  volume)  universal  lever,  repeating  guns  and 
pistols,  double  water  screws  (p.  140  of  this  vol.)  abacus,  portable  bridges, 
floating  batteries  &c.  besides  his  applications  of  steam,  which  will  be  no- 
ticed more  at  large  farther  on. 

It  must  not  be  supposed  that  Worcester  was  the  first  projector  of  every 
problem  in  the  Century,  although  his  solutions  may  have  been  peculiar  to 
himself.  The  greater  part  may  be  found  in  the  works  of  Porta,  Fludd, 
Wiikins,  and  others  of  his  predecessors  and  contemporaries  ;  so  that  the 
charges  of  absurdity  brought  against  many  of  them  are  not  attributable  to 
him  alone.  Indeed,  the  Century  is  in  a  great  measure  free  from  those 
puerile  conceits  that  abound  in  old  authors.*  No.  3  ho  names  "a  one-line 
rypher,"  that  is,  a  character  composed  of  a  single  linf,  which  by  its  posi- 
tion was  made  to  represent  each  and  every  letter  of  the  alphabet.  (Now 
used  in  short-hand.)  No.  4  is  an  improvement,  ana  consists  in  subsliluting 
f>oin(t  or  data  in  place  of  lines.  No.  5,  "  a  way  by  circular  motion,  eiihcr 
along  a  rule  or  ringwise,  to  vary  any  alphabet,  even  this  of  points,"  &c. 
Now  these  three  systems  were  explained  and  illustrated  by  diagrams  in 
detail,  twenty-two  years  before  tlie  publication  of  Worcester's  book,  by 
Bishop  Wiikins,  in  his  "  Mercury,  or  secret  and  swift  Messenger,"  a  tract 
printed  in  1641.  The  eleventh  chapter  treats  "of  writing  by  invented 
characters  " — "  how  to  express  any  sense  either  by  lines,  poind  or  Jigurci." 
The  last  was  by  arranging  the  points  or  dots  in  the  forms  of  circles, 
B<]imre8,  triangles,  &c.  Wiikins  speaks  of  the  whole  as  an  old  device. 
Another  problem  in  the  Century  is  "  a  universal  character."  This  hiid 
been  often  attempted,  and  Wiikins  wrote  also  upon  it.  Another,  "a  water- 
ball,"  to  show  the  hour  of  the  day.  There  were  some  singular  specimens 
of  these  clocks  in  Set^iere's  nnisenm,  which  was  celebrated  for  its  col- 
lection of  mechanical  devices,  and  which  doubtless  Worcester  had  often 
viiiii-d.  (.See  page  2S6,  and  note  foot  of  page  63.)  The  universal  lever. 
No.  26  of  the  Century,  he  admits  having  seen  at  Venice,  and  the  bucket 
engine  (No.  21)  at  Rome.  It  is  probable  he  derived  his  "  imprisoning 
chair"  from  the  same  place ;  for  there  was  in  his  lime,  as  well  as  since,  a 


•  'I'hirrr  is  a  ninEiilar  one  in  Imok  xiv  of  Porta'n  VlnfK,  "  Of  a  bird  which  roR»lii  it- 
scir;"  winch,  tind  VVorceMer  incntioni-d,  few  would  have  credited  wiilioiil  iIib  expliHia- 
tion.  "Tnke  a  wren  and  npil  it  on  n  ha/.el  rtick.  and  Iny  it  dawn  befofe  llin  firn,  the  two 
eiid«  of  lh«  hiiiP.I  spit  beint!  supported  bv  snniething  that  io  finn  ;  anil  you'll  »ep  wilh 
admiration  the  <pi(  and  the  bird  Uirii  liy  lilllc  and  li(tl(>,  willioitt  dii^pnntiiniin^,  till  'tia 
quite  ro:iKifid.*'  Thi«,  says  Ozatnim.  wan  Hr'<t  round  ntii  by  (.''ardiri^il  I'aluti,  nt  Home. 
The  motion  may  be  nccoiinind  for  on  a  »iiiiil.ir  principle  as  the  rolntion  of  gi  !•<•  lubes 
when  siipporlfd  at  carl)  enil  before  a  Bre,  and  even  when  inclined  aeaiiislthc  Iire-plnc4 
with  one  end  on  tlie  hearth,  viz.  ;  the  bent,  being  applii^il  to  one  side  only.  rniiseR  tlia 
lubef  to  hf.nd.  and  conaequently  to  preponderate  and  tliiu  turn  round  Scu  I'bil.  Trans 
vol  xu — .\brHlK.  Tol.  x  561. 
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fHinous  raachine  of  the  kind  exhibited  in  the  Borghese  \'illa,  which  couU 
iiKt  liave  escaped  his  notice.  It  is  described  by  Blaiiiville  as  "  very  art- 
fully- contrived  ;  and  striingera,  who  are  not  accjuainted  with  the  trick,  are 
infuilibly  caught  as  in  a  traj)  when  they  are  prevailed  upon  to  sit  in  it." 
Travels,  vol.  li,  p.  35.  We  shall  notice  a  few  more:  "A  little  engine 
portable  in  one's  pocket,  which  placed  to  any  door,  without  any  noise  but 
one  crack,  openeih  any  door  or  gute."  A  similar  device  is  <]uoted  by 
Wilkins  from  Ramclli,  thus :  "  A  little  pocket  engine  whcrew  ith  a  mnn 
may  break  or  wrench  open  any  door."  (Mnlhi.  Mapc,  book  i,  chap.  13, 
first  published  in  164S.)  Again — "  An  instrument  whereby  an  ignorant 
person  may  take  any  thing  in  perspective  as  justly  and  more  than  the  skit- 
fullest  painter  can  do  by  the  eye."  Probably  the  camera  ohsrura,  which 
Biiptist  Porta  had  described,  about  a  century  before,  in  his  Natural  Magic. 
See  page  364  of  the  English  translution  of  165S,  and  also  Fludd's  Natur^d 
Stmia  teu  Tcchnica,  1618,  page  30S,  for  another  mode.  No.  29  of  the 
Century  relates  to  "A  moveable  fortification — as  complete  as  a  regular  one, 
with  half  moons  and  counterscarps."  Such  a  one  is  figured  in  Fludd'i 
Siinia.  It  is  of  a  triangular  form,  with  breast  works  and  cannon  ranged 
along  two  sides.  The  whole  is  made  of  thick  timber  clamped  together, 
and  moved  by  horses,  which  are  yoked  to  a  long  pole  or  mast,  also  sup- 
ported on  wheels  and  attached  to  the  rear  or  base  of  the  triangle,  so  u 
to  be  out  of  the  reach  of  shot  from  the  enemy.  The  horses  have  their 
faces  to  the  fortification,  just  as  if  yoked  to  the  pole  of  a  commrm  carriage 
and  frofiting  it— or,  according  to  the  old  saying,  "  the  cart  is  put  before 
the  horse." 

His  modes  of  discoursing  by  knotted  strings,  gloves,  sieves,  lanterns, 
tac.  are  cimilar  to  others  mentioned  in  the  Natural  Magic  of  Port.o,  and  in 
otlitr  works.  Wilkiiis's  Secret  and  Swift  Messenger  also  contains  much 
ctirious  information  on  such  subjects.  Several  numbers  of  the  Centurj 
relate  to  repeating  guns.  These,  as  is  well  known,  exercised  the  wits  of 
inventors  long  be£ure  his  time.  Porta,  in  his  Miigic,  book  xii,  speaks  of 
"  great  and  hand  guns,  discharged  ten  times"  although  loaded  out  once. 
They  are  even  of  much  older  date.  Sometimes  several  barrels  were  joined 
together.  The  "  arithmetical  instrument,  whereby  persons  ignorant  of 
arithmetic  may  perfectly  observe  numerations  and  subtractions  of  all  sums 
and  fractions,"  was  in  all  probability  the  abacus,  or  Chinese  nran-pan,  now 
used  in  schools. 

Flying  and  diving,  also  mentioned  by  him,  have  occupied  the  ingenuity 
of  inventors  in  every  age.  Cornelius  Drebble  constructed  a  diving-vessel 
which  was  propelled  by  oars  worked  through  openings  in  the  sides.  Short 
conical  tuliea  of  leather,  through  which  the  oars  were  passed,  wore  con- 
nected to  the  openings  so  as  to  exclude  the  water;  hence  the  joints  some- 
what Besetiiljled  tlmse  of  the  feel  of  a  tortoise  when  protruded  from  tlie 
shell.  The  vessel  was  lowered  by  admitting  water,  and  raised  by  pump- 
ing it  out.  (The  distance  of  diving- vessels  below  the  surface  is  easily  and 
accurately  ascertained  by  a  curved  tube  containing  a  little  mercury,  one 
end  beintf  within  the  vessel  nnd  the  other  without.)  Charles,  Landgrave 
of  Hesse  Cosset,  hearing  of  Drebble's  diving-ship,  r-equested  Papin  to 
conlnve  one.  Papin's  mnclitne  is  figured  and  described  in  the  Gentleman's 
Magazine  for  1747,  page  581.  Drebble's  vessel  did  not  require  a  constant 
tuppiv  ot  fresh  air,  for  he  had,  or  pretended  to  have,  an  elixir  in  a  srr.all 
villi,  a  few  drops  of  which  restored  the  vitiated  air  so  lis  to  make  it  a^nia 
fit  fir  respimtioc.  Somcthinsj  of  this  kind  whs  known  even  l»efure  I)trt>- 
l«!e's  tune,  if  we  may  judge  from  one  of  several  illustrations  of  diving  in 
the  old  German  translation  of  Vegetius,  A.  D  1511.     A  man  clothed  in 
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L"SS  oftliin  skin  or  oiled  silk  fitted  close  to  his  bodvi  and  covering  cvnry 
except  his  head  and  hands,  is  represented  walking  on  tiie  bottom  of 
S  riv'or.     In  his  left  hand  he  holds  a  leathern  flask,  through  the  contracted 
Deck  of  which  he  is  drawing  a  portion  of  the   contents  with   his   mouth. 
Wilkins   devoted    a   chapter  of  his  Ulafh.  Magic  to   diving.      Me   notices 
DrchWc's  machine,  and  many  other  curious  devices  ;  so  that  on  this  sub 
ject  Worcester  had  an  abundance  of  materials  and  hints  to  work  upon. 
EL ^11.  50  of  the  Century  relates  to  portable  ladders.      A  variety  nf  these 
mfte  figured  in  the  old  translation  of  Vegetius  just  referred  to.     There  ore 
several  other  things  named  in  the  Century  which  might  be  traced  to  older 
sources,  but  it  is  not  necessary  ;   for  Worcester  has  not,  lliat  we  are  aware 
of,  ever  claimed  all  the  devices  he  has  named.     He  mentions  two  whoso 
authoi-a  he  recollected,  but  as  the  account  waa  drawn  up  from  memory,  he 
coulil  hardly  recall  to  mind  the  sources  wlience  all   were  derived.     He 
•ays  they  were  such  as  he  could  call  to  mind  to  have  tiird  ami  j>er/cv(cd  : 
he  does  not  say  invented.     While  many  originated  with  himself,  others 
were  such  as  he  improved  only.     That  he   had   sources   of  information 
which  have  not  bcc(i  discovered,  there  can  be  liitU?  doubt.     Of  the  thou- 
sands of  old  treatises  on  the  "  Mysteries  of  Nature  and  Art,"  a  staple  sub- 
PBect,  and  title  too,  from  Roger  Bacon  to  Moxon,   how  few   are   extant ! 
But  some  will  perhaps  yet  be  met  with  on  the  shelves  of  untiijuaries  and 
the  lovers  of  old  books  in  Europe. 

Those  numbers  of  the  Century  which  relate  to  stcim  are  68,  98,  99  and 
100;  but  it  is  in  68  only  that  steam  is  clearly  indicated.  The  device  is 
named  "  a  fire  water  work,"  and  is  described  in  the  following  manner  : 
•An  admirable  and  most  forcible  way  to  drive  up  water  by  fire,  not  by 
drawing  or  sucking  it  upwards,  for  that  must  be,  as  the  pliilotiopher  rallelh 
it,  Injru  tphxtram  activuatit,  which  is  but  at  such  a  distance.  But  this 
way  hath  no  bounder,  if  the  vessels  be  strong  enough  ;  for  I  have  tckcn  a 
piece  of  a  whole  cannon,  whereof  the  end  was  liurst,  and  filled  it  three 
cjuaiters  full  of  water,  stopping  and  screwing  up  the  broken  end,  as  also 
the  touch  hole ;  and  making  a  constant  fire  under  it,  witliin  twenty-four 
.lours  it  burst,  and  made  a  great  crack  : — So  that  having  a  way  to  make 
my  vessels,  so  that  they  are  strengthened  by  the  force  witliin  tiem,  and 
the  one  to  fill  after  the  other,  I  have  seen  the  water  run  like  a  constant 
fountain  sire.im  forty  feet  high.  One  vessel  of  water  rarefied  by  fire 
driveth  up  forty  of  cold  water;  and  a  man  that  tends  the  work  is  but  to 
turn  two  cocks,  that,  one  vessel  of  water  being  consumed,  another  begins 
to  fi  rcc  and  refill  with  cold  water,  and  so  successively,  the  fire  being 
tt*n(l<'d  and  kept  constant,  whieh  the  siJf  same  person  may  likewise  abun- 
daiitlv  per'brm  in  the  interim,  between  the  necessity  of  turning  the  said 
cocks." 

Wc  here  see  clearly  what  was  meant  by  Ramseye  and  others  when 
they  s[«ike  of  raising  water  bn  fire,  viz.  that  it  was  by  steam,  which  the 
fire  wn»  employed  to  produce.  It  will  be  perceived  that  Worcest.>r  does 
not  liere  claim  to  be  the  first  to  raise  water  in  large  quantities  in  tliis  man- 
ner, thus  tncitly  admitting  ihnt  he  was  aware  of  previous  applical'ons  of 
■teem  for  the  purpose.  Hail  he  indeed  made  such  a  claim,  little  reliance 
i^oirld  have  lM>en  placed  on  his  statements  ;  but,  notwithstanding  all  that 
Las  been  said  to  the  contrary,  we  have  seen  nothing  in  the  whole  ttr.orof 
his  conduct  with  regard  to  his  inventions  to  shake  our  confidence  in  his 
•incerity.  In  one  respect  No.  68  differs  fmm  the  rest,  viz.  in  the  detail 
with  which  the  device  is  described  ;  but  this  was  most  likely  designedlv 
done,  in  order  to  show  its  superiority  over  other  "  fire  water-wcii'ki,"  mid 
to  po'nt  out  where  it  difTered  from  them,      llnd    it   been  ar.  origiim!  iJi  h 
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therp  could  have  been  no  more  inducement  to  be  thus  explicit  tlian  witli 
the  rost;  but  b'.-ing;  of  the  same  nnture  as  others,  he  wouIjI  naturally  l>e 
led  to  notice  the  difforeuce.  Sunie  writers  are  incredulous  of  lis  having 
ever  put  it  in  practice,  notwilhstunding'  his  assertions,  and  the  particular! 
he  has  specilied  ;  and  they  further  contend  that  his  description  vvai  not 
gulRcieiiily  perspicuous  to  enable  a  person  to  make  such  a  macliino  in  hit 
own  time,  and  is  not  now.  To  neither  of  these  positions  can  vie  assent; 
and  the  latter,  if  true,  does  not  affect  the  character  of  Worcester,  either 
for  veracity  or  ingenuity,  since  the  avowed  design  of  the  Century  vni 
rather  to  enable  himsuk'than  others  to  realize  the  mvenlions  named. 

The  de9cn[ition  appears  not  only  that  of  a  machine  in  actual  use.  and 
from  whicli  a  similar  one  might  have  been  made,  but,  as  just  intimated, 
some  particulars  ai-e  mentioned  apparently  with  the  sole  view  of  distin- 
guishing it  from  other  devices  of  the  same  kind.  Had  he  given  a  fijpint 
we  should  have  learnt  more  of  the  details,  but  not  of  the  general  plaa 
The  nature  of  the  force  emphjved  (the  expansive  power  of  steam)  he 
shows  in  the  clearest  light ;  and  its  irresistible  energy  is  admirably  iilut- 
trated  by  bursting  the  cannon  :  indeed,  he  could  not  possibly  have  so- 
lected  any  thing  better  adapted  for  the  purpose.  Few  writers  however 
believe  the  experiment  was  ever  made,  from  the  seeming  difficulty  of 
closing  the  broken  end — a  circui •stance  which,  perhaps  more  than  any 
other,  has  led  people  to  doubt  the  accuracy  of  other  of  his  statements  :  uid 
it  must  be  admitted  that  if  he  is  not  to  be  believed  in  this,  his  assertio.ns  in 
general  must  be  received  with  great  caution.  But  what  great  ditficultv 
after  all  was  there  in  driving  a  plug  tight  into  the  smoothly  boreii  although 
broken  end  of  a  cannon,  and  securing  the  plug  effectually  in  its  place,  hy 
iron  straps  and  screws  round  the  trunnions  1  Lest  the  idea  of  danper 
sliould  be  connected  with  his  apparatus  in  the  public  mind,  he  remark* 
that  he  had  a  way  of  preventing  his  vessels  from  being  ex.plodcd.  H« 
menlions  at  least  three  vessels ;  one,  a  boiler  in  which  to  generate  sloam. 
the  others,  to  receive  the  water  previously  to  its  being  raised.  A  sepnraxe 
boiler  shows  that  the  apparatus  was  a  modification  of  Porta's  and  Kirclier's, 
(Nos.  1S7,  190) — and  lost  any  one  should  suppose  that  the  water  was  re- 
quired to  be  heated  bef  >re  it  was  elevated,  he  stales  distinctly  that  it  w« 
Hot :  hence  his  device  bore  no  resemblance  to  that  of  Decaus,  (\<i.  18S)— 
eo  far  from  it  that  the  boiler,  or  "  one  vessel  rarefied  by  fire,"  f(>rc«"d  u|i 
forlij  limes  its  contents  '^ o^ told  water."  It  appears  that  tlie  w«ter  wt» 
raised  forty  feet  only  ;  perli;ips  })eing  limited  to  that  height  by  local  cir- 
cumstances, or  by  the  building  in  which  the  appanil'is  was  erccti^d.  The 
pressure  of  steam  in  his  boiler  did  not  therefore  much  exceed  ^Olbs.  on 
the  incli.  As  the  elevation  exceeded  that  to  which  the  licjuid  eouM  I* 
raised  by  atmospheric  pressure,  he  also  takes  occasion  to  notice  disiinclly 
that  it  was  not  done  by  sucking;  and  in  this  he  possibly  may  allude  to 
some  su;h  modes  of  raising  water,  viz.  by  using  the  steam  only  to  produce 
a  vacujm,  and  to  show  the  difference  ;  for,  by  employing  its  elastii;  force, 
he  cot  Id  raise  water  at  one  lij)  to  any  height,  and  his  apparatus,  iiistea<i 
of  a  limited  application,  was  adapted  to  mines  and  pits  of  every  <leplii, 
and  hence  he  appropriately  names  it  "  a  mnsl  furcihh  way."  The  receiving 
vessels  were  charged  or  filled  "  one  after  another,"  and  tho  stream  dis- 
charged from  them  was  nninternipted.  One  person  only  wa«  required  lA 
attend  to  the  fire  under  the  boiler  and  "  to  turn  two  cocks,"  i.  e.  to  admit 
steam  alternately  into  each  receiver,  so  that  when  one  was  "consumed" 
or  emptied,  the  contents  of  the  other  began  to  "force"  or  be  forced  ap, 
»nd  the  empty  one  to  "  fill "  or  bo  refilled  with  cold  water,  "  and  s.-i  sue- 
<>.essively."     The  vessels  were  large,  or  it  took  a  lon^  time  to  fill  tlxtia 
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liiicp  tnc  man  had  abundant  time  to  attend  the  Hre  in  the  intervals  oftim- 
ing  tlic  Clicks. 

Notwittistaiiding  tjie  comprehensive  sketch  that  Worcester  has  given 
of  this  machine,  a  variety  uf  opinions  prevails  respecting  son. e  of  its  parts, 
•nd  the  •rrungemcnt  ol'the  whule.  In  these  respects  scarcely  two  writers 
»2r<»c,  while  some  difler  widely.  Some  have  supposed  it  to  have  consisted 
ot  two  eolipilcs,  like  those  of  Heron  or  I>ecaus,  (Nos.  179  and  1S8)  con- 
nected t"  one  ascending  pipe,  (see  Galloway  on  the  Steani-Eiigiiic) — nn 
idra,  we  think,  entirely  out  of  the  way,  since  such  a  plan  would  possess 
neither  "  mi-ril  "  nor  "originality,"  which  the  writer  just  named  accords 
to  Worcester's  device.  It  is  moreover  opjmsed  to  the  description  given, 
which  expressly  states  that  tlie  contents  of  one  vessel  rarefied  by  fire, 
drivelh  up  forty  of  void  water;  whereas,  by  the  supposed  construction, 
a/i  tlie  water  must  have  been  heated  to  the  boiling  point  before  it  could 
have  bee^i  elevated  at  all,  and  to  a  temperature  still  higher  before  it  was 
raised  forty  feet. 

The  principal  jioint  undetermined  u  the  mode  by  which  the  receivers 
irero  charg««d.  Were  they  so  placed  that  the  water  flowed  into  them 
tlirwugh  a  pi;»e  and  cock  1  Or,  were  they  wholly  immersed  in  the  tank, 
well  or  pond,  and  furnislied  with  valves  opening  inwards  for  the  admis- 
sion of  the  liipjid,  and  to  prevent  its  return  when  the  steam  was  turned 
on  1  Or,  were  they  placed  ahvrr  tlie  water,  and  charged  by  a!mo5plieric 
presBtire  \  The  first  and  second  modes  have  been  suggested,  because 
Worcester  says  he  did  not  raise  the  licpiid  by  "sucking;"  but  It  does  not 
ap|>eur  that  he  meant  any  thing  more  than  that  the  contents  of  the  receivers 
Were  not  expelled  from  them  in  tliis  way.  As  the  elevation  to  which 
Water  could  be  raised  at  one  lift  by  his  machine  was  only  liinitetl  by  the 
strength  of  llie  vessels,  he  very  naturally  observed,  to  remove  an  objection 
which  he  foresaw  might  be  made  to  his  assertion,  that  this  was  not  effected 
by  sucking,  but  liy  forcing  the  li<piid  up.  His  plan  bears  tiic  same  relation 
to  a  forcing  pump,  as  using  steam  to  produce  a  vacuum  in  a  receiver  does 
In  a  sucking  one  ;  and  in  distinguishing  between  the  two  applications  uf 
the  vapor  to  raise  water,  viz.  by  its  condensation  and  its  expansion,  ho 
uses  the  snme  terms  that  we  do  to  show  the  difference  between  the  two  ^ 
instruments  just  namctl.  Of  a  forcing  pump  we  say,  it  does  not  raise  -y^fyOu^^A 
water  by  iittnospheric  pressure,  but  in  opposition  to  it ;  and  that  tlie  ele-       i  'J 

vation  is  only  limited  by  the  strength  of  the  materials  and  the  power  em-    A-Mott-.^fs^ 
ployed  :   now  every  person  acrpniinted  with  the  subject  knows,   that  it  is 
tlie  expulsion  of- the  water  from  the  lylinder  that  is  referred  to,  tKit  the         Ct  e  ri 
mode  of  filling  it ;   for  ulm'ist  invariably  are  the  vessels  or  cylinders  of 
fi.rcintj  pumps  charged  by  sucking,  and  so  they  were  in  Worcester's  time. 

If  the  receivers  were  placed  below  the  reservoir  that  supplied  them, 
and  werti  fed  from  it  by  a  pipe,  then  as  there  were  but  two  cocks  used, 
they  must  have  been  such  as  are  known  by  tlie  term  "  three-way,"— one 
passage  to  supniy  stenin  to  each  of  the  receivers,  and  the  other  water. 
There  is  no  ditftculty  in  admitting  this,  for  both  three  and  four  way  cocks 
were  in  u»e  ages  before  Worcester's  days.  They  are  described  in  the 
Spiritalin,  (problem  .31)  in  Besson's  Theatre,  Fludd's  Simia,  (see  our  160lh 
illustration,  (>age  354)  Ozanam's  Recreations,  ami  in  several  other  old  au- 
thors. One  form  of  them  is  seen  at  page  421.  Tnvernier  found,  in  baths 
of  the  east,  cocks  wliich  at  the  same  mouth  supplied  "  either  hot  water  or 
cold,"  (Relation  of  the  Seraglio)  and  they  are  described  and  figured  in  the 
Forcible  Movements  of  Decaus  :  thus  prop,  xix  of  Leak's  translation  is 
'•Of  tlie  cock  with  four  vents,"  and  its  appbcation  is  shown  in  a  self-acting 
■Ivltneumatique  Engine."     M.  Arago  is  therefore  greatly  mistakec    in  hi^ 
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History  ofllie  Stcam-Eiigliie,  in  attrlliuting  the  invention  of  the  foiir-waj 
cock  to  Pupin  In  liis  zeal  to  cunfer  honor  on  the  philosopher  of  BIci* 
he  inadvertcniiy  overlooked  the  old  engineer  of  Normandy. 

This  plan  of  supplying   Worcester's   receivers   is  ct-rtainly   far  mom 
probable  tlian  that  of  burying  tiiem  in  the  water  they  were  ti>  raise.    In- 
deed, we  cainiiil  perceive  how  the  laltt-r  could  answer  at  all,  as  the  aleun 
would  be  condensed  by  llie  surrounding  medium  almost  as  fast  as  it  en- 
tered the  receivers;   so  that  instead   of  "one  vessel  of  water  rarefied  bv 
fire"  driving  up  forty  of  cold  water,  it  would   hardly  be  able  to  drive  kp 
any.     It  appears  to  us  impiiisible  Cir  ingenuity  to  suggest  a  worst-  [ilui, 
and  yet  several  writers  have  adopted  it.*     As  a  proof  that  Worcejtcr  liiuJ 
an  engine  at  work  somewhat  similar  to  the  one   referred  to   in  hit  <)8tli 
pro|)osiiion,  the  following  extract  from  the  Journal  of  Cosmo  de  MtMlicii, 
who  visited  England  in  the  17lh  century,  has  been  adduced  :   "  His  liigh- 
ness,  that  he  might  not  lose  the  day  uselessly,  went  again,  after  dinner, to 
\he  other  side  ol  the  city,  extending  his  excursion  as  far  as  Vauxhoil,  ii»- 
yond  the  palace  of  the   Archbishop  of  Canterbury,   to   see   an  hydrinlic 
machine  invented  by  my  Lord  Somerset,  Marquis  of  Worcester.    It  riiies 
water  more  than  n>rty  geometrical  feet,  by  the  power  of  one  man  oiilv; 
and  in  a  very  short  space  of  time  will  draw  up   four   veswls  of  water 
through  a  lube  or  chainiel  not  more  than   a  span  in  width  ;  on  which  <e> 
count  it  is  oiuisid'ired  to  be  of  greater  service  to  the  pul)lic  than  the  irtlier 
raachme   near  3ninersi't-House."      Now  if  this   engine   for    raising  water 
from  iIm^  Thames,  and  wblch  was  managed    by   one    man,  was  mnvej  bj 
steam — imd  it  probably  was — we  may  rest  assured  that  Worcester  knfK 
bettiT  how   to    charge  his  receivers  than  by  immersing  them  in  the  nvur, 
or  in  any  tank  supplied  from  it.      Had    he    d(me   so,    the    machine    wnulJ 
never   have    been  "considered   of  greater  trrvicf  to  (/le /lufi/ic"  l\i;in  the 
engine  at  Somerset-House,  which  was  worked   by  horses,  and  distributed 
>VBter  over  "a  groat  part  of  tlie  city."      (This  last  engine  moat  likely  con- 
sisted of  pumps,  such  a*  were  erected  by  Biilmer  in  1594.  See  pajje  296.) 
Ai /"our  vessels  are  here  mentioned,  there  were  probably  that  number  (rf 
receivers  emoloyed. 

It  would  be  strange  if  Worcester's  receiving  vessels  were  not  charged 
by  atmospheric  pr^^sstlre,  considering  the  examples  he  had  before  hiir 
I'o  say  ii'ilhing  of  this  well  known  mode  of  charging  eolipiles,  and  n'Jie 
vessels  represeiiti'd  in  the  S[)iiituha,  (see  173  and  177  of  our  iiiiistratuiiu' 
both  Porta  and  Fliuld  exhibiUHl  eX[ierimonts  expressly  to  show  how  witer 
is  raised  into  a  vacuum  Innncd  by  tlie  condensation  of  vapor,  (pskfe  'iO?) 
and  Decaiis  gives  sucli  striking  ii()plicattonsof  it  (page  3S0)  that  \Vorc«tc.' 
never  could,  with  a  knowledge  of  (be.se,  have  plunged  his  receivers  ucji.' 
water.  But  was  he  acepiainteil  with  the  writings  of  these  men  ?  Uiiqnet 
t.oiiably  he  was.  Thri-e  is  evidence  in  the  Century  that  he  examiiKHi 
every  source  of  inrormiilioii,  botb  at  home  and  abroad,  and  willi  an  cag^^ 
ness  ibat  has  perhaiis  seldom  been  ecjualled;  and  then  no  person  had  grenter 
facilities  ftir  nscertaiiiiiig  what  bad  been  accompiisheil.  He  was  nniamin 
to  set  aUmt  devising  new  modes  of  raising  svnter  while  ignorant  of  old 
ones,  or  wiihou:  perusing  those  writings  which  treated  directly  or  inJi- 
recily  u{»on  the  subject.     Of  all  his  researches,  this  of  raising  water  WM 


•  See  Milliiiglon'^  Rpitome  of  Pliiln<n|>hv,  snil  Slnnrl's  De»criplive  Hi<larr  of  l)» 
Stenin-i;ti?iiie.  Tlu>  hi-i  imiiiciI  writer  sperilvH  liowever  very  (liirerentlv  in  hi-i  viluitil* 
"  /Xnordoli'*  "f  llit  Sieiiin-I'.iigiiie."  Kurtlier  refleciinn  conviiiceil  liiiri  ihni  \Vorc»«M 
wuK  Miini'ltiiiiii  <iii>re  limn  a  charlatan,  ami  ttii'  iiiuchiiie  in  qiienlion  very  utlikc  th«  unr 
ro|ire»ciiled  in  liis  prcvioiin  wurk.  ' 
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^^Bong  the  earliest  and  most  favorite,  as  it  was  the  last  and  most  important  -, 
tSi3  il  WHS  iitijHigsiblo  for  liim  oiid  KahoflT  lo  have  spent  so  many  years  aa 
they  did  oti  this  and  oilier  subjecls,  williout  improving  old  deviies  and 
iiitruducing  new  ones.  Then  he  was  most  likely  oci|iiainted  with  the  ma- 
chin<.'«  of  Hacon,  and  with  those  of  Raniseye,  and  «i(h  Ramscye  himself, 
and  Bufliell  too  ;  and  also  with  the  engine  of  motion  noticed  in  the  last 
chapter,  of  which  he  was  possilily  both  the  inventor  and  dcscriber.  So 
far  therefore  from  Worcester's  machine  being  imperfect,  as  some  writers 
have  supposed,  we  are  justified  in  believing  it  was  superior  in  its  general 
plan,  and  in  the  arrangement  and  execution  of  its  several  parts,  to  any 
Miir^  t/ien  extant,  or  previously  proposed. 

It  would  be  easy  to  devise  a  machine  corresponding  with  these  remarks 
LmiI  coinciding  with  the  Manjuis's   account;   but  the   intelligent    reader  is 
^Hwre  thiit  it  would  be  subslantinlly  the  same  aK  Savery's.    It  is  stirprisin^ 
nRt  some  authors  have  suj)pi'»p<l   Worcester  could  not  have  filled  his  ves 
■els  by  Blmosphcnc  pressure,  because,  say  they,  the  production  of  a  vacuum 
by  the  condensation   of  steam    was   not   then   known,  "  nor  even  thought 
of."      But  such  writers  were  not  aware  of  the  e.xpenmcnts  of  Porta,  and 
they  forgot  the  employmeiu  of  eolipiles.     It  has  also  been  said  that  a  ma- 
chine as  perfect  as  Savery's,  and  one  in  which   steam    acted   on   a    piston, 
was  beyond  the  state  of  the  aits  in  Worcester's  days.      The   Century  of 
Inventions  is  a  proof  to  tlie  contrary,  and  so  is  the  Collecli(>n  of  Serviere. 
Every  problem   ii.  the  one,  and  every  device  in  the  other,  indicates  great 
KCellence  of  design  and  ability  of  execution  ;   and  both  are  replete  with 
:ifs  of  mechanical  skill  y.s  well  as  fertility  of  invention. 
To  realize  Worcester's  machine,  it  is  contended  that  we   must  depend 
upon  wiiBt  he  has  said,  and  on  nothing  more.     But   tliose  who   prescribe 
diis  rule  do  not  themselves  adhere  to  it ;  and    by   following   if,    itosterily 
could  hardly  comprehend  a  modern  device  from    its    modern    description. 
As  Worcester  has  not  mentioned  pipes  or  valves,  neither  of  these  essential 
elements  of  his  apparatus  could,  by  such  a  rule,   be   admitted  ;  and  if  his 
words  are  to  be  construed  literally,  he  employed  two  score  of  receivers; 
and  these  were  also  elevated   as   well   as    ihe   water  within  them  :  "  one 
vessel  of  water  rarefied   l)y  fire  driveth  up  forty  [vessels]  of  cold  water." 
Kv  the  same  rule  it  was  the  boiler,  not  the  steam  within  il,  (he  never  men- 
lions  steam)   that   drove   them  up.      Then  then?  is  the  eimiicnaalion  of  (he 
steam  iti  a  receiver,  after  expelling  the  rKpiid,  which  is  also  nor  mentiuned; 
and  of  course  the  vessel  could  not  again  be  filled  until  this  had  Irikrn  jilace. 
^^b  the  same  ground,  a  cock,  tunnel  and  pipe  or  pump  to  feed  the   boiler, 
^Hi  a  furnace  door  and  grate  bars,  might   be  considered   gratuitous  addi- 
^^Bis,  since  none  of  them  are  mentioned. 

^H^erhaps  the  most  obscure  part  of  the  6Sih  prfiblem,  is  that  which  relates 
flo  strengthening  the  vessels  "  by  the  force  trithin  them."  Some  persons 
suppose  this  rclers  to  the  figure  of  the  vessels — others,  to  inferior  braces. 
The  latter  is  the  most  rca^onuble,  but  seems  Iiardly  reconcilable  with  the 
,  the  text,  since  the  same  term  (Jiirre)  is  used  as  lliat  by  whicli  the  active 
^Bwer  which  rent  the  gun  is  de.>ignnle<l. 

^^PColwithstanding  the  ambiguous  niaiiirer  in  which  Worcester  drew  up 

'   lis  C'-nliirv  of  Inventions,  there  are  strong  indications  of  his   having  tm- 

iwrted  motion  to  a  piston  by  steam,  and  that  upon   this   he   uejiended   for 

^Bing  known  to  posterity.    This  was  the  crown  of  his  glory  as  an  inventor 

^HUic  primary  element  in  the  "  semi-omnipotent  engine,"  which  siipporleti 

him  under  the  contumely  and   neglect   that   he  met   with.     Unflirtunateiy 

fur  his  fame,  the  slate  of  the  ails  was  not  sufficienlly  advanced  (n  cnnvinco 

.ki«  contemporaries  of  the  imjrartance  of  "  the  great  machine  "  uni!  it  wm 
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lefl  Tor  a  future  age  to  adopt.  It  does  not  ap^>i:ar  equally  clear  that  ha 
nras  the  Hrsi  thus  to  use  steam.  From  the  (l«-scri]>tiun  of  the  engine  of 
inu!..<n  mcnlionuii  iit  puge  423,  and  tiie  third  and  hfth  devices  in  Rainseye'i 
patent,  it  would  seem  that  a  working  cylinder  had  been  in  previous  use; 
nor  do  wu  see  how  the  experimenters  of  the  17th  and  previous  centuries, 
when  seeking  for  modes  of  employing  steam  as  a  motive  agent,  could  nii&s  it 
any  more  than  their  successors.  It  is  one  of  those  devices  that  would  be 
detected  by  such  men  in  every  age,  just  as  it  has  been  by  the  inakers  of 
pumps  and  piston  bellows.  Fludd,  Hoell,  Belidor  and  Westgarlh,  all 
employed  a  piston  and  cylinder  :n  pressure  engines ;  and  some  of  thuui 
were  not  aware  of  their  having  been  employed  before  in  such  machinel. 
Guerricke,  Papiii  and  Nevvcomeii  at  once  adopted  them  in  atmosplieri.  en- 
gines, Hautefeuille  in  explosive  engines,  and  VVatt  and  others  in  those  moved 
by  steam  ;  and  why  i.ot  Garay,  Ramseye  and  Worcester  1  And  even  the 
(_''roublesorae  neighbor  of  Zcno  also  ?  It  required  no  great  sagacity  in 
Worcester  to  apply  steam  to  move  the  loaded  piston  in  Fiudd's  pressure 
engine,  (page  354)  and  so  simple  an  idea  could  hardly  escape  hun  after 
he  had  turned  his  attention  to  impart  motion  by  stcain.  Indeed,  he  uses 
on  expression  which  implies  that  it  was  a  loaded  piston  to  which  fie  gave 
motion.  But  even  if  this  idea  escaped  both  Ramseye  and  Worceeter,  the 
apparatus  of  Guerricke  so  clearly  exhibited  the  mode  of  applying  steam 
to  move  a  piston,  that  the  latter  could  not  possibly  have  remained  auy 
longer  ignorant  of  it. 

When  the  ttiree  following  propositions  in  the  Century  are  duly  consider 
ed,  every  candid  mind  will,  we  think,  admit  that  he  was  really  in  posso»sion 
of  an  engine  similar  to  Leopold's,  or  to  Newcomen's,  or  to  the  single 
acting  one  of  Watt : — 

"'  lib.  An  engine,  so  contrived,  that  working  the  jnimum  mobile  forwanj 
or  backward,  upward  or  downward,  circularly  or  cornerwise,  to  and  frti, 
Btreight,  upright,  or  dowiuiglit,  yet  the  pretended  opeio.tion  contiuuetli, 
and  udvuiiceth,  none  of  the  motions  above-mentioned  hindering,  much  lc»» 
stopping,  tliB  other ;  but  unanimously  and  with  harmony  agreeing,  they 
all  augment  and  contribute  strength  unto  the  intended  work  and  n{ier»- 
tion  ;  and,  therefore,  1  call  this  a  aemi-omnipoleiU  engine,  and  do  inietul 
that  a  model  thereof  be  buried  with  me. 

"  99.  How  to  make  one  pound  weight  to  raise  an  hundivd  us  high  ai 
otic  pound  fiillelh,  and  yet  the  iiundred  pound  descending  doth  what  no- 
thing less  than  one  hundred  pound  can  effecL 

"  100.  Upon  so  potent  a  help  as  these  two  last-mentioned  inventioi.s,  a 
water- work  is,  by  many  years  experience  and  labor,  so  advantageously 
by  me  contrived,  that  a  child's  torce  bringeth  up,  an  hundred  foot  high, 
an  incredible  quantity  of  water,  even  two  foot  diameter,  so  naturallv,  tliat 
the  work  will  not  be  keard,  even  into  the  next  room  ;  and  with  so  great 
ease  and  gcomutrical  symmetry,  that  though  it  work  day  and  night,  irom 
one  end  of  the  year  to  the  other,  it  will  not  require  forty  shillings  repara- 
tion to  the  whole  engine,  nor  hinder  one  day's  work;  and  I  may  boldly 
call  it  the  must  stupendous  wi  rk  in  the  whole  world :  not  only,  widi  litlla 
charge,  to  drain  all  sorts  of  mines,  and  furnish  cities  with  water,  though 
never  so  high  seated,  as  weil  as  to  keep  them  sweet,  running  through 
several  streets,  and  so  performing  the  work  of  scavengers,  as  well  as  (uT- 
nishing  the  inhabitants  with  suflicient  water  for  their  private  occasionii; 
but  liki-vvise  supplying  rivers  with  sufficient  to  maintain  and  make  them 
portable  fiom  town  to  town,  and  for  the  bettering  of  lands  all  the  wav  it 
runs;  with  many  more  advantageous  and  yet  greater  effects  of  profit  «fl- 
mirable  and  consequence.     So  that  deservcnlly  1  deem  this  iuvealiou  tr 
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ray  labours,  to  reward  my  expences,  ami  make  my  tliougVits  aiquv 
*•«*  »ii  wcay  of  fii/ther  inventions;  this  making  up  llie  whole  century,  and 
prevcnlinj;  any  furtlier  trouble  to  the  rea<ler  fnr  the  present,  meiitiing  l(k 
leave  to  posterity  a  book,  wherein,  under  each  of  lliese  heads,  the  means  to 
put  in  execution,  and  visible  trial,  all  and  every  of  these  inventions,  with 
the  sliape  and  form  of  all  things  belonging  to  them,  shall  be  printed  by 
bnss  plates." 
■^To  an  ordinary  reader  all  this  appears  preposterous,  nor  without  tlie 
>Wy  can  any  saiisfnctory  interpretation  be  given.  The  first  seems  incre- 
rfible,  the  second  impossible,  and  llie  third  a  proof  of  rrientul  alienation. 
^fttt  in  considering  tnem  it  should  be  kept  in  mind,  that  Worcester's  design 
^B*  to  explain  the  effects  and  uses  of  the  mechanism  he  here  refers  to, 
^Bd  at  the  same  time  to  conceal  tlie  moving  principle.  This  he  has  accom- 
plished in  the  happiest  manner;  and  in  doing  it,  has  furnished  a  specimen 
of  ingenuity,  and  of  the  fertility  of  his  genius,  almost  equal  to  the  inven- 
4ons  themselves.  The  three  problems  certainly  refer  to  a  cyliiidricfJ 
•team-engine  raising  water  by  means  of  a  pump.  In  No.  9S  he  speaks 
■  t*  steam  only:  this  was  ihc  jirimum  mobile  whose  effect  was  tlie  same  in 
M-hatever  direction  it  was  conveyed  to  the  piston  ;  i.  e.  whether  through 
ascending,  descending,  curved,  angular  or  stmight  tubes,  or  through  a 
numher  of  them  meeting  in  the  cylinder  from  every  imaginable  direction  ; 
the  steam  from  one  not  interfering  with,  or  being  counteracted  by,  thar 
from  others,  but  the  whole  "  unanimously  and  with  harmony  agreeing, 
^oy  all  augmen:  and  contribute  strength  unto  the  intended  work  and 
DOoration,"  vii.  in  pushing  the  piston  along.  It  seems  impossible  lor 
Worcester  to  have  selected  a  feature  of  aeriform  fluids  better  adapted 
for  his  purpose,  or  to  have  made  use  of  it  more  skillfully.  In  concealing 
Ills  meaning  by  riddles,  he  seems  to  have  eciunlled  the  most  expert  atiiong 
the  ancients.*  In  No.  99  he  plays  in  a  similar  style  upon  the  j'iilrm,  and 
/las  contrived  with  admirable  tact  to  contradict  (apparently)  one  of  the 
most  palpable  maxims  in  mechanics,  and  thus  to  divert  prying  curiosity 
into  a  wrong  track.  The  piston  was  attached  by  its  rod  to  one  end  of  a 
working-beam,  and  a  loaded  pump-rod  to  the  other,  so  that  when  the 
steam  was  turned  on,  the  small  piston  (which  he  compares  to  one  pound) 
was  pushed  down,  and  conseipiently  the  heavy  pump-rod,  or  the  water 
raised  by  it,  (compared  to  a  hundred  pounds)  elevated  "  as  high  as  the 
one  pound  falleth."  In  No.  100  he  opens  his  views  still  further  dv  stating 
it  to  he  a  uxUer-wnrk,  for  draining  "  all  sorts  of  mines,  and  furnishing  cities 
with  abundance  of  water,  though  never  so  high  seated,"  and  that  its  action 
depended  upon  the  two  last  mentioned  inventions  (Nos.  98  and  99.)  In 
other  words,  he  here  contemplates  the  pump  and  steam-engine  as  a  whole; 
6ut  lest  the  device  should  be  too  easily  apprehended,  he  throws  in  a  dash 
of  the  enigmatical,  declaring  it  was  sr)  contrived  "  that  a  child'n  force 
bringeth  upi  an  hundred  foot  high,  an  incredible  quantity  of  water,  even 
[a  column]  two  foot  diameter;"  that  is,  a  child  could  by  a  lever  open  nnd 
cluko  the  cocks,  or  valves,  by  which  steam  was  admitted  into  the  cylinder. 
The  uniformity  of  the  movements  of  a  steam-engine,  and  the  little  noise 
attending  them, — its  working  incessantly  night  and  day,  and  the  trifling 
expense  required  to  keep  it  in  repair,  are  now  well  understood. 


•  or  ancient  ridrllr«.  that  of  the  Sphym  i§  one  orih«  nMlenl.     Wlial  iinimiil  \»  rt  that 

^nlk«  »n  four  les*  ic  Ihe  iiinniiiiii.  on  l»o  at  nuon.  niirl  on  llirpi?  in  the  Kvpnlnx  T  CEdip  i» 

P^nlained  it.     The  aniiiml,  he  linid,  wii-<  mnn.    who  in  the  morning  of  lifr  (in  irifdiicv) 

M^pl  on  his  liandn  and  feet,  at  the  nuon  of  life  woiked  erect,  and  in  ihe  evening  of  bis 

iayt  aupponrd  himself  with  a  slick. 
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Nolhing  more  U  necessary  to  convince  us  that  Worcester  here  spedu 
of  a  steam-engine  working  a  purap.  No  other  solution  can  be  given^no 
other  conclusion  arrived  at.  No  one  could  have  written  knd  sp>kciiuke 
Aas  done  without  having  either  seen  or  possessed  a  steam  cnginp.  Of  iu 
value  he  was  fully  aware ;  for  in  tlio  patent  granted  by  Parliament  in 
1663  to  himself  and  hi*  heirs  for  the  long  term  of  ninety  years,  liiosv  w'no 
pirated  the  invention  were  to  forfeit  five  pounds  for  everi/  /tour  they  osi-J 
It.  He  tells  us  that  it  was  the  result  of  "many  years  experience  stiJ 
labor,"  and  when  it  was  complete,  he  poured  out  lii^i  feelings  in  an  ad- 
dress to  the  Deity,  a  copy  of  which  was  found  among  his  papers,  enlitloj 
"  The  Lord  Marquis  of  Worcester's  ejaculatory  and  extemporary  itiaok*- 
^ving  prayer,  when  first  with  his  corporeal  eyes  he  did  see  Atiishetl  « 
perfect  trial  of  his  water-commanding  engine,  delightful  and  useful  tg 
whomsoever  hath  in  recommendation  either  knowledge,  profit  or  pleasure," 
Can  any  one  suppose  he  iiere  was  mocking  his  Creator,  when,  in  the  pri- 
vacy of  his  closet,  lie  prayed  tliat  he  might  not  be  "  puffed  up  "  ^-ith  the 
knowledge  of  this  great  machine,  and  returned  thanks  next  to  his  crcatiuo 
and  redemption  "  for  an  insight  into  so  great  a  secret  of  nature."  and  lineUy 
desired  no  greater  monument  than  to  have  one  buried  with  him  ?  Some 
men  have  lost  their  reason  by  the  excitement  attending  tlieir  discoveries. 
Pythagoras  offered  a  hecatomb  to  the  gods,  and  Archimedes  ran  naked 
through  the  streets  of  the  city.  Worcester  acted  more  like  a  philosopher 
and  a  Christian.  Had  he  imitated  the  Syracusan,  he  had  prob&bly  been 
more  successful  in  securing  attention  to  his  discoveries. 

Friim  the  latter  part  of  the  99th  proposition,  we  infor  that  Worceslerl 
used  ti  forcing  pump,  as  he  intimates  that  the  effect  was  produced  by  the 
descent  of  a  weight  (on  the  pump-rod,)  not  by  iu  ascent ;  aiid  this  agrees 
with  the  description  and  figures  of  old  water-engines.  In  "  Art  and  Na- 
ture," published  as  before  observed  in  1633—4,  they  consist  of  forcing 
pumps  worked  by  large  tread  and  other  wheels — i.  e.  the  pistons  are  raised 
by  these  but  are  carried  down  Ity  their  own  weii;hl,  or  that  of  weii;ha 
with  which  they  are  loaded.  These  weights  were  sometimes  attached  to 
the  rod,  at  others  to  the  end  of  the  workijig-beams  to  which  the  rods  were 
connected  ;  and  hence  ihey  were  named  "  beetle-ljeams,"  from  their  re- 
semblance to  a  large  hammer.  Loading  the  piston-rod  of  pumps  did  not 
therefore  originate  with  VIoreland  or  Newcoraen,  since  the  praobonj 
was  older  evon  than  Worcester.  The  piston  in  Fludd's  pressuie 
engine  is  an  example.  Such  pistons  were  named  "  heavie  forcers,"  (a 
solid  piston  being  named  "  a  forcer,"  and  the  upper  box  of  a  common 
pump  "  a  sucker.") 

As  Worcester  is  believed  to  have  applied  steam  to  work  a  pump,  it  will 
be  asked,  did  he  not  perceive  its  application  as  a  mover  of  machinery  in 
general^to  propel  boats,  Scc.1  Yes;  and  he  has  left  a  proof  of  this  also,  , 
In  a  manuscript  (see  Stuart's  .Anecdotes,  vol.  i,  56)  he  observes,  speaking  I 
of  the  device  No.  99,  "  I  can  make  a  vessel  of  as  great  a  burden  as  tJii 
river  can  bear,  to  go  against  the  stream,  which  the  more  rapid  it  is,  tho 
faster  it  shall  advance,  and  the  moveable  part  that  works  it,  may  be  by 
one  man  still  guided  to  take  advantage  of  the  stream  and  yet  to  steer  tlie 
biiat  to  any  point ;  and  this  engine  is  applicable  to  any  vesael  or  boat 
whatsoever,  without  being  tlierefore  made  on  purpose;  and  it  workctJi 
these  effects:  it  roweth,  it  draweth,  it  driveth  (if  need  be)  to  pass  London 
Bridge  against  the  stream  at  low  water;  and  a  boat  laying  at  anchor,  th* 
engine  may  bo  used  for  loading  and  unloading."  Besides  the  Century, 
Worcester  published  what  he  called  "  .'Vn  exact  and  true  Definition  of  tlw 
most  stupendous  Water-commanding  Engine,  invented  by  the  Right  Qv- 
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nourabte,  (and  d«."»erveJly  to  lie  praUcil  and  admirej),  Edwa/d  Som«*r«et, 
Lord  Mar^uU  of  Worcester,  and  bv  liis  lordslii|)  liiniseir  prcs'-nfcd  to  liis 
Tiitst  excellent  Miijosty  CImrk-s  th«!  Second,  our  mon  gracious  Sovcriicn," 
This  Wiis  a  tract  ol'  tw«!Mt y-two  jiages,  and  is  !!up|>oSL'd  to  have  been  nrintcd 
for  the  purpose  of  fortnin-^  ii  coiiipiiny  to  introduce  the  devict?.  It  is  writ- 
ten in  the  same  style  as  the  Ceilury,  and  instead  uf  dvscribing  tlio  inuchinit 
ts  conftned  to  nn  cnumerution  jf  its  pro|>erties. 

Ill  Worcester's  day,  patents  for  useful  inventions  were  often  classed 
witli  the  most  unrighteous  monopolies,  and  the  holders  of  tliem  held  in 
general  contempt.  This  may  serve  to  accnunt  in  some  measure  for  the 
ipgiect  thut  Kamseye  and  Worcester's  pmjecls  met  with.  The  abomina- 
ble abuse  which  Elizabeth,  James  iind  Charles  made  of  the  power  to  grant 
patents,  excited  gcaeral  digf;ust.  Courtiers  and  others  obtained  monopo- 
lies for  nearly  all  the  chief  branches  of  trade,  and  sold  rights  in  them  to 
others,  SI)  that  prices  were  raised  to  an  exorbitant  height.  Had  patent* 
4cen  confined  to  new  inventions,  the  result  would   have   been   beneficial ; 

I  exclusive  grants  were  •■btnined  to  work  and  sell  the  commonest  ariicles, 

snh,  iron,  lead,  coals,  and  even  bones  and  rags:  with  the  mono|io]ist« 
of  these,  {harpirf  and  Imtii-lrrclu's  ns  Elizabeth  once  called  them)  the  au- 
thors of  discoveries  and  iinproveinents  in  the  useful  arts  were  confounded. 
In  «  masquerade  got  up  for  the  entertainment  of  Charles  I,  in  1633, 
(among  the  m^nasers  of  which  were  ^oy  the  Attorney  General,  Sir  John 
Finch  and  Mr.  Selden)  were  several  flings  at  monopolies,  as  hints  for  the 
king.  In  the  "  AntimMstjiie  of  Projectors,"  says  Maitland,  "  rode  a  fellow 
upon  a  little  horse,  witli  a  grea:  h:t  in  his  mouth  ;  and  iipoii  the  man's 
head  was  a  bit,  with  hca<j-stall  and  reins  fitslen'd,  and  signified  a  projeclor 
who  begged  a  piitrnt,  that  none  in  the  kingdom  might  ride  the'r  liorses,  but 
writh  such  bits  as  they  should  buy  of  him.  Then  came  another  fellow 
*ith  a  bunch  of  carrots  upon  his  head,  and  a  capon  upon  his  fist,  describ- 
ing [representing]  a  projector  who  begged  a  patent  of  monopoly,  as  the 
first  inventor  of  the  nrt  to  feed  capons  with  carrots  ;  and  that  none  but 
himself  should  make  use  of  that  invention  ;  and  have  tlie  privilege  for 
fourteen  years,  according  to  the  statute." 

Patting  out  of  view  his  political  conduet,  the  fate  of  Worcester  rcsem 
bled  tliiit  of  great  inventors  in  almobl  every  age.  In  some  ri'spccis  it  was 
jieculiarly  severe.  The  heir  of  one  of  the  richest  and  most  powerful  fami- 
lies of  the  land,  he  devoted  his  wealth  and  his  energies,  for  more  than  one 
tiiird  of  a  century,  to  useful  discoveries;  and  in  his  old  age  he  was  re 
diioed  to  borrow  »inall  suras  to  inoel  his  iiece.ssities ; — and  «  hen  at  last 
the  profligate  Charles  was  restored,  although  Worcester  recovered  his 
<k-mesne,  his  dwellings,  furniture,  papers,  models  and  machines  had  all 
•een  destroyed,  and  he  was  overwhelmed  with  debt.  Still  his  energies 
MTere  slimu'lnted  by  a  consciousness  of  the  importance  of  liis  inventions, 
but  which,  alas !  his  contemporaries  were  unable  to  appreciate,  except  by  /f  ./ 
insinuations  that  they  were  the  fruits  of  a  partial  insaiiity>  Finally  death  CA"'^ 
slept  in  and  closed  his  labors  forever.  Then  it  was  that  his  widow,  who 
was  fully  sensible  of  the  value  of  his  great  machine,  used  her  exertions 
to  introduce  ;t ;  but  her  confessor,  a  Roman  Catholic  priest,  expostulated 
trith  her  on  the  folly  and  sin  of  iier  conduct,  and  solemnly  declared  to 
her  "on  the  fa.th  of  a  priest,"  that  if  she  did  not  cease  her  endeavors,  she 
u-ould  not  only  lose  the  favor  of  heaven,  but  the  use  of  her  reason  !  She 
di.;d  in  16S1,  and  the  evil  genius  of  Worcester  did  not  even  then  cease 
its  persecutions;  for  posterity,  which  generally  corrects  the  errors  of  con- 
temporaries, has  not  yet  done  justice  to  his  memory.  While  a  few  writers 
udtiit  the  value  and  originality  of  his  inventions,  and  account  him  one  of 
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tl<o  chief  authoi*  of  the  »teum-cngine,  others  condenin  the  '•  Ceiiturv  "  w 
ii  n.aj.s  ul'  ubsurJitics,  anil  Jeiiy  hU  ever  haviii<r  constructed  a  sto^m-niit 
chine  at  all.  Those  persons  however  who  entertain  the  latter  npinmn, 
cvinc'i-  us  much  cre<iulily  as  oihers,  for  they  cannot  deny  that  he  has  det- 
crihf  d  the  pec  iliar  properties  of  the  great  c/irfd'auvre  of  human  iiigcnuilj 
(.1  h;f;li-pres9ure  sieam-engine)  with  a  degree  of  accuracy  of  which  histon' 
aH'ords  no  parallel ;  and  hence,  if  he  lacked  truth  he  possessed  prescience, 
and  while  they  reject  him  as  an  inventor,  they  must  admit  him  at  s 
prophet. 

In  the  annals  of  the  arts,  there  is  not  to  be  found  a  more  singular  exam- 
ple of  devotion  to  their  improvomer',  fiiher  as  regards  the  numl>er  of 
years  or  tht'  amount  of  treasure  spent,  the  importance  of  the  results  or  the 
ardor  with  which  they  were  pursued,  and  the  efforts  made  to  excite  public 
allen'ion  to  them.  Wliatever  others  may  have  done  before  him,  they  left 
no  account  of  their  labors.  Worcester  is  tlie  first  to  communicate  with 
the  public  by  moans  of  the  press,  and  to  give  a  tangible  description  (al- 
though an  intentionally  ob.scm-e  one)  of  his  discoveries — (for  we  do  not 
reckon  cither  the  device  of  Dranca  or  Decaus  among  such.)  On  this  ac- 
count alone  he  is  entitled  to  the  praise  of  every  modern  engineer;  and 
had  he  but  fulfilled  his  promise  of  leaving  detairled  accounts  illustrated 
with  engravings,  his  fume  would  have  endured  as  long  as  the  steam-engira 
itself.  It"  he  were  no:  the  great  magician  who  evoked  the  miglily  spirit 
thai  lay  dormant  in  steam — who  pointed  out  its  power  and  the  means  of 
eiu[>loying  it — who  revived  the  project  of  Garay  and  emt>odied  and  ei- 
tended  the  apparatus  of  Porta — it  may  be  asked  who  was  ?  And  niiliough 
none  of  his  fhuchmes  are  extant,  nor  any  of  his  immediate  successors  liave 
hbd  the  candor  to  acknowledge  their  obligations  to  him,  it  is  not  less  tlie 
duty  of  historians  to  uphold  his  claims  until  evidence  shall  be  adduced  to 
establi.sli  those  of  another — until  some  older  and  clearer  fountain  than 
his  Century  of  fnventlons  shall  be  discovered — from  which  streams 
equally  iinacknow  edged  have  been  drawn.  We  cannot  but  hojie  that 
the  oblocjiiy  and  uncertainty  under  which  his  name  is  yet  shrouded  will 
eventually  '■{■  dispersed,  when  he  wiii  be  esteemed  one  of  the  most  re- 
markable mechanicians  of  modern  times,  and  be  associated  with  the  Di^ 
daliises  and  .-Vr-hytases  of  antiquity. 

How  similar  i^;  Worcester's  manner  of  announcing  his  discoveries,  a 
the  following  one  from  Glauber,  an  older  writer!      It  np[)eara,  at  the  lint 
glance,  as  absurd  as  any  thing  in  the  Century.     "  A  certjiin  secret  by  the 
help  whereof  wines  are  easily  transported  from  mountainous  places,  re- 
mote from  rivers  and  destitute  of  other  conveniences  of  carriage,  so  that 
/    the  carrying  of  ten  vessels  is  of  cheaper  price  than,  o/Jienclse,  the  carrying 
*^'^^  o{  one."      This  passage,  he  observes,  offended  many  both  learned  and  uo- 
/--M-l    jlcarred,  who  "believed  the  thing  impossible,  and  nothing  but  dreams  and 
fancies."    He  was  so  much  quizzed  about  it  as  to  regret  having  mentioned 
it     "  Many  judge  this  thing  incredible  because  of  the  want  of  winged  carti, 
that  need  not  horses  !  confirming  one  the  other  in   unbeliefe,  leading  one 
another  after  the  manner  of  the  blind."     His  plan  was  to  take  the  jnico  uf 
the  grape  before  fermentation  commenced,   and   concentrate   it  by  boiling 
till  it  became  of"  the  consistence  of  honey."     The  water  being  thus  eva- 
porated reduced  the  wine  to  less  than  one  tenth  of  its  fiiriner  bulk  and 
weight,  while  it  still  retained  the  gtrenerth  and   virtue  of  '.he  vrhole ;  for 
"  new  wine  decocted  and  inspissated  before  its  fermentation  losetti  nothing 
of  its  virtues:"  hence  it  cotiid  be  transported  at  one  tenth   the   expense. 
When  used,  it  was  to  bo  diluted  with  the  same  quantity  of  water  as  wtj 
Treatise  on  Philos.  Furnaces :  Lood.  165' 
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Tlip  atlnption  of  »otne  mode  of  concentrating  wines  as  abrve,  wouy 
pmdnr.c  an  immense  saving  in  tlieir  freight  and  carriage  over  iho  o'1oIm«, 
Hrii!  would  corisp<]uefilly  greatly  reduce  tlieir  cost.  It  would  also  defeat 
t)iG  viiorifious  frauds  that  are  practiced  in  tiie  manufacture  of  ariif.cial 
wines — mixtures  in  wliich  not  a  drop  of  the  juice  of  tlie  grape  is  said  to  // 
r«ni'er.  Glauber  says,  "the  new  wine  is  not  to  he  iiisiiissutnd  in  car'- 
'4rons,"  on  account  of  tlie  taste  which  it  would  contract  trom  tlic  metal 
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IIuit»remI)e,  Huyicheas  aud  llookc — Morclond — IIm  uWc  of  cylindf/* — Ifiii  pamp*  worked  bj  ■ 
crliDdrirKl  lii|;b-|ircuur'- itcim-vD^inf — He  made  ao  clmin  to  a  *tciini-anpiDO  in  BopUod — Siiii|t)v  Ue 
*ic«  by  wht;li  he  probably  workod  bis  plim^er  pum)tt — laventians  of  liifl  al  Vtiuxhull — Ait^i-flote  of  hin 
frttm  Crelyu'i  Uiary — Early  •Uiaoi  prtijecltirii  rourlier»^Kidiculou9  origin  of  aoRie  hnnot» — Edict  of 
Naale* — I'apin — Durflcr* — Siifply  raU'r — Papiu'a  plan  to  traiiimit  power  tlirourb  ptpe«  by  uii-ati»  iif 
Mr— Cau*e  of  il»  fadure — Aiinther  plan  by  compreu^d  air — Paptu'a  experimciila  to  move  a  pmtoo  by 
ICUDpovder  aud  by  tteam — Tbo  latter  ab<tadoned  by  Ulm — The  iafety  valve  improved,  not  inveitlrd  by 
Pa|>in— Mercurial  nfely  Talve»— Water  lute— Steam  macbine  of  Paplu  for  ralaing  water  aod  luparUnn 
Motion  to  macbtuery. 

Towards  the  latter  part  of  Worcester's  life,  a  young  Frenchman  was 
fast  rising  into  notice.  This  was  John  Hautefeuille,  the  son  of  a  liaker  nt 
Orleans,  an<l  one  of  the  mo.st  hrilliant  mechanicians  of  the  age.  He  was 
ii:  his  twentieth  year  when  Worcester  died.  Thi?  device  for  regulating 
the  viliruti.ir.  "f  tlio  unlance  in  watches  by  a  spring,  whence  sroae  the 
niimo  of  pendulum  watches,  wnsinvented  by  him,  and  was  substtjuently 
improved  liy  Hiiyghens.  Hautefeuille  entered  the  church  and  became 
an  alibe.  He  wrote  several  tracts  on  subjects  connected  witli  mechanics 
In  1G78  he  proposed  steam  as  a  soiree  of  power,  and  applied  it  to  givo 
motion  to  a  piston.  Instead  of  aqueous  vapor  he  also  propost^d  the  alter- 
nate evolution  and  condensation  of  the  vapor  of  alcohol,  in  such  a  manner 
that  none  should  be  wasted  ;  and  both  he  and  Hiiyghens  gave  motion  to 
pistons,  by  exploding  small  charges  of  gunpowder  in  cylinders.  In 
1678,  Dr.  Hooke  proposed  a  steam-engine  on  the  fitmoephcric  |iririciii1e, 
but  the  only  inforrnaiion  respecting  it  is  in  a  memornnilum  to  that  eltect 
found  among  the  papers  of  Dr.  Robison,  the  author  of  the  treatise  on  Me 
chanica.'  Philosophy. 

These  examples  of  imparting  motion  fa  a  pinion  by  afiriform  fluids  are 
interesting,  inasmuch  as  they  show  that  the  device  was  not  very  novel  in 
the  middle  of  the  17th  centtwy,  and  that  meclianica  in  different  countriei 
Were  familiar  with  it. 

We  muKt  now  refer  to  another  member  of  the  English  court,  a  contem- 
porary of  Worcester,  and  like  him  actively  engaged  in  the  politics  of  the 
times,  but  wiio  on  the  other  hand  adhered  to  the  commonwealth  until  the 
latter  purl  of  Cromwell's  administration.  We  are  told  that  one  evening, 
"ear  midnight,  an  interview  look  place  between  Cromwell  p.nd   Thurloe 
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ht«  secretary,  a)  the  house  of  the  latter,  on  some  statt.  business  that  r<<i|uimi 
llie  utmost  secrecy.  It  was  not  (ill  the  matter  had  lieuii  nfiencu  tliat  iii« 
Proli'clor  became  aware  of  a  thiril  person  ht'ing  in  the  room,  whrn  he  i« 
sail]  t»  have  drawn  hisi  dagger,  and  would  have  di'^patched  the  sup[>ofseiJ 
intruder,  hml  not  Thuiloe  ^iiaruiiteed  silence  on  the  part  of  his  6U-c|Miig 
ntlend.int.  Tiiii  was  Samuel  Mureland,  the  inventor  of  the  jilmigi-r  piiinp. 
He  was  then  employed  by  and  in  the  confidence  of  the  secretary,  aiul  \v«« 
asleep,  or  aflfecled  to  he  so,  <iuring  the  interview.  On  this  or  «i>me  ntl.rf 
occasion,  he  overheard  the  discussion  of  a  plan  to  takeutrihe  exiled  king; 
to  whom  he  disclosed  the  whole,  and  waft  rcwai'ded  with  a  title  at  th« 
restonitiim. 

It  is  not  known  when  Morehmd  first  turned  hi.s  attention  to  mechanic*; 
probably  not  till  the  restoration.  As  a  favorite  of  Charles  II,  and  a  groom 
of  the  |)nvy  chamber,  he  must  often  have  met  Worcester  at  court;  while 
from  their  congenial  habits  and  pursuits  as  mechanicians,  they  were  niott 
likely  on  familiar  terms  with  each  other.  As  master  of  mechanics  (<■  ilie 
king,  Moreland  was  no  doubt  one  of  those  who  visited  and  examined  lite 
machine  erected  hy  Worcester  at  Vauxhall,  and  as  a  matter  of  course  lie 
often  penisod  the  CJentury  of  Inventions.  He  has  not  however  had  the 
•ngenuoiisnesii  to  mention  any  of  these  things  ;  but  notwithstanding  this,  we 
cannot  believe  so  far  as  his  applications  of  steam  are  concerned,  that  he  was 
not  indebted  either  to  the  machine  itself,  to  the  Century,  or  to  personul  in- 
tercourse with  Worcester,  and  probably  to  them  all.  The  first  inveiilion  of 
Moreland  that  we  hear  of  is  the  pump  that  he  patented  in  l(>75,and  ori  which, 
according  to  one  writer,  he  had  previously  spent  twelve  years.  This  rarnrt 
the  date  back  to  about  IGG^i,  the  year  in  which  the  Century  was  published. 
It  is  not  at  all  unlikely  that  this  famous  pamphlet  first  induced  MiircUiid 
(as  welt  as  many  others)  to  turn  his  attention  to  mechanical  discoveries, 
and  furiiiclied  him  with  materials  to  work  upon.  In  the  manuscript  volume 
presented  by  him  to  the  French  king  in  1683,  (see  page  873)  and  now- 
preserved  in  the  Bntisli  museum,  there  is  a  very  short  chapter  on  fire  or 
Btoam  engines,  of  which  the  following  ia  a  translation  : — 

•'  T/ie  PriniijiJcs  of<^ie  nrtp  Force  'if  Fire,  inpmteil  by  tht  C/ieralier  Mr/rt- 
'uH'l,  ill  the  year  i6S2,  and  presented  to  his  mcst  Christ Izn  Majesty ,  16S3. 

"  Water  being  evaporated  by  the  force  of  fire,  thess  vajvirs  immediately 
require  a  greater  space  (about  two  thousand  times)  than  the  water  occu- 
pied liefore,  and  too  forcible  to  be  always  imprisoned,  v.'ill  burst  a  piece 
of  cannon.  But  being  governed  according  to  the  rules  of  statics,  and  re- 
duced by  science  to  measure,  %veighl  and  balance,  then  they  will  peace- 
ably carry  iheir  iiurden,  (like  good  horses)  and  thus  become  of  great  u«e 
to  mankind;  particularly  to  raise  water  according  to  the  foilow:!>g  table, 
which  shows  the  number  of  pounds  which  can  lie  raised  ISOO  tlin»*s  pel 
hour  to  six  inches  in  height,  by  cylinders  half  filled  with  water,  as  well 
as  the  different  diameters  and  depths  of  those  cylinders  : — 

PauBdk  wttipUl  Inli* 
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CYLINDERS. 
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n(th  in  Fum. 
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- 
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10 
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JIftfBbev  Al  Cylinder*,  hivir^  *  ilumeter  nquircd  to  riiw  the  frltuwlnf  numbcn  o^ 

of  C  frel  Vod  •  tonf  lb  '  f  li  m~  |iouod<  »ei(lil  of  wiur- 

1 3,240 

P                6,4^0 

3 9,720 

4 12  000 

5 lo.'iOO 

6 111,440 

7 22,0b0 

8 25,'J20 

9 29,100 

10 32.400 

20 64,800 

30 97,200 

40 129.000 

50 102.000 

CO 194,400 

70 22G.800 

SO 259,200 

30                 291.G00" 

As  this  is  all  llmt  MorvlanJ  lias  left  on  the  subjoC,  it  is  Jifficuh  if  nor 
impossible  to  ascertain  the  pri-cisc  cunslruction  of  bis  uppui-ulus.  Ho  is 
as  silent  respetting  the  manner  and  Jetiiils  liy  wliich  the  <il)jecl  was  ac- 
complished as  Worcester  himself,  and  hence  the  sleunien^he  of  one  is 
quite  as  much  a  riddle  a*  that  of  the  other.  Were  these  "cylinders" 
gmrratorg  of  steam — boilers  ]  or  were  they  separate  vessels  for  the  re 
ception  of  water,  and  frJitn  which  it  was  expelled  by  the  vapor,  a.*  from 
the  receivers  of  iSiivery  1  or.  working;  cylinders,  whose  jiistons  were  moved 
by  the  expansive  force  of  sleam  ?  or,  lastly,  were  they  pump  chHliiKers, 
by  which  the  litjuid  wi«  raised  (  We  su|ipose  they  were  the  last.  Had 
ihey  acted  on  the  principle  of  Stivcry's  receivers,  they  could  never  have 
Ijeen  filled  and  dischar^^'i-d  thirty  times  a  minute,  or  1800  times  nn  hour. 
Then  ns  Moreland  speaks  only  of  high  sleam.  it  can  hardly  be  imagined 
that  he  used  or  thought  of  using  its  expansive  force  to  move  pistons  in  the 
largest  cylinders  he  has  named,  or  made  calculations  for  the  employment 
of  ninety  of  them.  Where  could  he  have  got  a  boiler  sufficiently  strong 
and  cupacious  to  supply  a  cylinder  twelve  feet  long  and  six  in  diameter, 
to  say  nothing  of  the  difficulty  of  making  such  cylinders  ?  Yet  he  speaks 
of  them  as  nothing  extraordinary.  Now  there  was  no  difficulty  in  iraking 
them  of  all  the  dimensions  named/or  Itii  jiluitsser  jmtnpii,  (see  No.  123  of 
our  illustrations)  for  tlie  simple  reason  that  tliey  were  not  reijuired  to  bo 
bored  ;  as  the  piston  or  plunger  worked  in  contact  only  with  the  collar  of 
leathers  or  stuffing  box  at  the  top.  That  it  is  to  these  he  refers  ap])ears 
also  from  the  terms,  "reduced  by  .science  to  measure,  weight  and  !ia!aiice," 
these  lieing  the  very  same  that  he  used  when  he  claimed,  by  the  iiivcntinn 
of  this  pump,  to  have  "  reduced  the  raising  of  water  to  freight  and  tnia- 
turc,"  viz.  by  comparii.g  the  weight  of  the  loaded  plunger  to  the  f|cianlity 
of  water  displaced  from  the  cylinder  by  its  descent,  (see  page  273) — and 
thence  the  number  of  pounds  raised  by  each  cylinder  in  the  preceding 
table,  would  ue.  the  sum  of  tht>  weights  on  each  plunger.  The  term  "six 
inches"  probably  arose  from  thnt  being  tiie  length  of  stroke  of  his  expen 
mental  plunger;  the  length  of  the  other  cyHndem  and  their  effects  being 
calculated  from  it.  The  cylinders  being  only  "*  hali"  filled  with  water, 
Would  then  refer  m  liial  quantity,  or  about  thut,  being  expe'ded  M  ea.'.h 
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stroke,  because  the  plungers  would  occupy  oma  h'if  only  of  the  interisi 
capacilscs  nf  the  cylinders.     See  the  fij:iire  of  one  on  page  272. 

ir  this  view  of  MiirelapiJ's  project  lie  cnrrecl.  Itien  he  merely  nted 
«cam  to  work  hia  p'unger  jiunip  ;  and  tliereliire  could  not  justly  claim  ia 
1682  to  have  iti».»iif.e(r.  >j4t  only  to  have  applied,  the  "  force  of  fire." 
That  he  einplovf.l  a  slmoie  form  of  a  high-pressure  pn^ne,  in  other  worjn 
moved  a  piston  hy  the  eloslicilv  of  the  vapor,  like  Hmitefeuilie  and  Wor 
cester,  we  have  little  doiibx,  rlis  language  intimates  thai  steam  wasthrn 
rendered  so  manageaMe  as  to  be  applicable  to  numerous  operations  "for 
the  benefit  of  mankind,"  of  which  the  raising  of  water  was  the  only  one 
under  his  consideralion.  He  obviously  was  in  possession  of  tlie  inraiu 
of  imparting  motion  tt>  ntliiU  by  steam,  and  thus  making  it  peacealily 
to  carry  burdens,  or  overcome  resistances,  "like  good  horses:" — In- 
deed, one  might  almost  suppose  from  his  apparent  carelessness  in  iiut 
mentioning  the  mode  in  which  the  steam  was  applied,  viz.  in  giving 
motion  to  a  piston,  that  explanation  on  this  point  was  then  no  lon^'r 
necessary. 

It  is  singular  tknt  Morcland  made  no  claim  for  this  inv«ntion  in  EngiamL 
Why  was  this,  if  he  had  any  '(  Does  it  not  imply  that  he  did  not  invent 
the  steam  part  of  the  apparatus  ?— else  why  not  have  patented  it  as  •ax'II 
as  the  pump?  for  the  object  deserved  it,  and  the  pnupccts  of  reniumrn 
tion  were  as  promising  at  home  as  in  Fsance.  The  tact  is,  he  could  not 
claim  the  piston  steam-engine  where  the  labors  of  Worcester  and  otlirn 
were  still  in  remembrance,  and  where  some  of  their  machines  were  pro- 
bably extant.  As  an  ediirated  man  and  an  eriligliienoii  mechanic.  More 
land  was  not  ignorant  of  the  labors  of  Ramseye,  Fludd,  Hautefeuille  and 
Worcester.  It  is  prelly  clear  that  he  lit  his  candle  at  the  lumps  of  these 
men,  and  jiarticulurly  the  latter;  for  in  the  short  cha[iter  on  siram  cpinr^ 
above,  he  has  copied  both  the  ideas  and  the  lang'uage  of  the  author  of  lh« 
Century  of  Inventions.  C»ne  observation  is  highly  creditable  to  him,  if  he 
was  the  author  of  the  c»periments  from  whicii  it  was  deduced,  vjt.  the 
relativu  volume  of  steam  and  water.  A  quantity  of  the  latter  when  cuii- 
verted  into  the  former  occupies,  he  observes.  2000  limes  its  fonner  space; 
modem  experimi'nts  make  it  between  ISOO  and  1900  times. 

Of  several  simple  modes  by  which  Moreland  may  have  applied  stotrn 
to  work  his  pumps,  we  shall  mention  one  : — Let  a  .*rr.;':l  steam-cylinder, 
open  at  the  top,  be  placed  under  the  same  end  of  a  vibrating  beam  as  tlw 
plunger  of  the  pump  ;  the  piston  rods  of  both  cylindtrs  being  connoete'l 
to  the  beam:  then,  by  turning  n  three-way  sleam-cotk,  the  vapor  wouU 
rush  into  the  Ixittom  of  the  steam-cylinder,  and  pushing  up  the  piston, 
would  raise  the  beam  and  the  loaded  plunger  of  the  pump ;  and  by  thrt 
turriiii;^  the  cock  so  as  to  close  the  communication  between  the  cylinder 
and  tin-  boiler,  and  to  open  one  between  the  former  and  the  external  air, 
the  steam  would  escape,  and  the  weights  on  the  plunger  would  cau.<ie  it 
with  the  beam  and  steam-piston,  to  dettoend.  By  turning  the  steam-cock 
as  before,  the  stroke  would  be  repeated.  The  only  objection  to  such  i 
device  is,  that  it  is  too  crude  to  be  attributed  to  Moreland  ;  for.  frijm  the 
advantages  he  possessed  in  knowing  all  that  had  been  previouslv  done, 
there  nan  be  little  doubt  that  he  was  in  possession  of  a  self-actincf  ongine. 
and  of  the  knowleilge  of  increasing  iis  energy  according  to  the  dift'orcnl 
■izeil  pumps  required  to  be  worked  by  it. 

Moreland  possessed  a  iialurul  turn  for  mechanicg,  and  during  the  latter 
half  of  his  life  devoted  himself  almost  exclusively  to  the  invention  and 
improvement  of  useful  machinery.  Were  a  description  of  his  and  VV'w^ 
cester  a  workshops  now  extai;t,  it  would  pogsets  more  reai  interest  ihu 
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*ny  thing  which  history  or  trailitioti  has  handed  riown  aboat  round-headt 
ai:d  cavaiicrs.  He  had  a  place  fined  up  at  the  exp^nsu  of  government, 
vrilh  iho  requisite  ap[>ai-atug  for  carrying'  on  his  rcsearchi-s,  at  which 
Charles  sometimes  ascistcd  ;  and  he  speaks  of  having  moreover  exjicnded 
large  sums  oi'  his  own  in  expei-jmenls,  to  please  the  king's  liincy.  Of  llio 
number  of  curious  things  here  contrived,  liesides  his  sjieaking  trumpet, 
capstan,  pumps  and  steam-engines,  we  n"ny  judge  from  what  is  rejiorled 
of  t:is  dwelling  house  at  Vauxhall,  every  part  of  which  exliihiled  proofs 
of  his  inventive  mind  ;  even  the  side  t£.ble  in  his  dining  room  wns  supplieif 
with  a  large  fountain,  and  tlie  glasses  stood  under  little  streams  ul   water. 

1^^  coach  too  contained  a  portable  kitchen  vith  clock-wcjrk  machinery, 

^^brhich  he  could  make  soup,  broil  steaks,  or  roast  a  joint  ol  nieat. 

I^^Vauxhall  gnrdens,  as  a  place  of  public  resort,  appear  to  have  originated 
Ul  the  curious  things  constructed  there  by  Moreland.  Aubrey,  in  his  His- 
tory of  Surrey,  slates  that  in  1G67,  Sir  Samuel  "  built  a  fine  room  at 
V'auxhall,  the  inside  all  of  looking-glass,  and  fountains  very  pleasant  to 
•jehold,  which  is  much  visited  by  strangers,  ll  stands  in  the  middle  of 
the  garden,  covered  with  Cornish  slate,  on  the  point  whereof  he  placed  a 
Punchinello  very  well  carved,  which  held  a  dial ;  but  tlie  winds  linve  dc- 

)  molisited  it."  "  The  house  [observes  Sir  John  Hawkins]  seems  to  have 
been    rebuilt   since   the   time   tliat  Sir  Samuel  Moreland  dwelt  in  il  f  and 

,  tliere  being  a  large  garden  belonging  to  it  planted  with  u  groal  number 
of  stately  trees,  and  laid  out  in  shady  walks,  it  obtained  the  nanu:  of  Spring 
Gardens,  and  the  house  being  converted  into  a  tavern  or  place  of  enter- 

I  tainment,  it  was  fre(|uented  by  the  votaries  of  pleasure." 

Moreland's  attachment  to  mechanics  continued  unabated  in  hi*  old  age, 
and  even  after  his  sight  was  lost.  A  pleasing  proof  of  this  is  given  in  the 
diary  of  die  celebrated  John  Evelyn.  "  October  26,  1695.  The  arch- 
bishop and  myselfe  went  to  Hammersmith  to  visile  Sir  Snm.  Moreland, 
who  was  entirely  blind  ;  a  very  mortifying  sight.  He  shewed  us  his  in- 
vention of  writing,  which  was  very  ingenious,  also  his  wooden  kalender 
which  instructed  him  all  by  feeling,  and  other  prptty  and  useful  inventions 
of  mills,  pumps  &c.  and  the  pump  he  had  erected  that  sei'ves  water  to  his 
garden,  and  to  passengers,  with  on  inscription,  and  brings,  from  a  filthy  part 
of  the  Thames  neere  it,  a  most  perfect  and  pure  wafer.  He  hail  newly 
buried  .£200  worth  of  music  books,  six  feet  under  ground,  being,  nu 
he  said,  love  songs  and  vanity.  He  ploys  himselfe  pwlins  and  reiij^oua 
hymns  on  the  Theobo." 

It  is  singular  that  almost  all  the  early  English  steam  machinists  and 
•apposed  experimenters  were  courtiers.  Bacon  was  Lord  Chancellor  ; 
Ramseye,  groom  of  the  privy  chamber  to  Charles  I  ;  Worceste.',  a  mar- 
quis and  a  general  ;  Moreland,  a  kni!T)it,  nnd  groom  of  the  privy  or  bed 
chamber*  to  Charles  II ;  and  Busheil  and  Savery  held  offices  under  the 
gfovernment. 


•  It  in  a  nnliirnl  inquiry,  what  orfd  dtuien  wf  re  nltach*fl  lo  such  an  nflice.  that  gcniUmcn 
\  strnuld  d<'.«irc  lo  pertorni  ilierii  I  and  fKirlrcdtarly  lo  giicli  bea«t)i  a*  fMiarle«  tl  cir  George 

IV'  1  .\l  iina)).<iit<  ol'  (he  tinnnrd  which  iDniiiircliK  bellow,  would  iif!ord  nittir'<einf?rU  nnd 
,  in£tnicti(  □  In  American  reiulvrs.  It  wmild  tuld  Ui  (he  cniif^e!*  of  lioneMl  exiiltiiiinn  in  ilie 
,  foundrrs  i>r  piir  repiililic,  fnr  tlieir  fxrluding  siiifli  foolr rie»  frdui  our  niiorea.  Our  ex- 
I  ample  in  thi:<  renpect  an  well  n«  in  oiherx,  iH  llp^tlI1e(l  by  Prnvidt^iice  to  pverl  n  sniiilary 
I  inl!u<<nce  nii  the  world.  .V  opiril  a(  enquiry,  iind  idr.iii  of  »e\{  reipecl,  a'j  nirciidy  be- 
I  coming  loo  prevalent  for  men  (o  bu  kopt  iiiiitli  longer  in  a  mere  slate  of).  ,i  pi  luge,  to  be 

go%eriii-d  like  chtidr>*n  throii;(li  the  iiit-iiitim  of  llieir  fien.^~et<.  wirh  pageant.**  and  liigh 
I  >oiindii>s  lille*.  eo!itiiinc»  nnJ  ceremoniM,  |iiim>I  nnd  gew^awn.  Those  persons  who 
I  have  no;  retti-cled  on  the  Kiitiject,  have  need  nfa  Ijirjte  uliare  or  fnilh  lo  bel-.ete  one  half 
I  toe  c,rciiuulunce«  cuunuctad  wl'U  \iM  origin  ana  liie  courerriuj;    if  lilleii,  mi  truly  prr 
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Tlie  nexl  experiments  on  steam  of  which  we  have  any  accnutt  wn« 
made  liy  a  Froiicliman,  bul  iioc  in  France.     Tlio   reason   of  tliU  miiv  u 
well  l)u  noliceJ,  since  il  will  aerve  to  show  how  great  the  blessing*  tn 
wliicli  we  enjoy  over  the  people  of  the  old  worhl.     Of  all  the  iliflcrfoi 
speciea  nf  lyninny  under  wliich  Europe  has  groaned  and  still  groans, thtl 
Ity  which  the  inhabitants  are  cojipeiled  to  adopt  such  articles  of  religiont 
fdilh  us  their  {governors  choose  M  afive  tliem,  is  the  tnnsl  di»l>olicul.     Thii 
may  be  cnnsidured  as  the  climax  nf  human   degratintion,   and   of  humac 
oppp-stion.     No  feeling  mind  can  contenipUle  with.iut  horror  the  acts  of 
those  despots  who,  not  content  with  consuming  the  stilistancc   and  tynn- 
nizing  over  the   bodies  of  their  nii/ijecL;   as   they  call  them,  insist  on  sub- 
duing their  min<h  and  cimsiirniTt  also! — despots   who,   though   covered 
wi'.h  crime,  bhispiiemous.y  set  themselves  up  as  "  Heads  of  the  Church!" 
and  "  Defenders  of  tlie  Fnith  !"   and   this  loo  by  the  "grace  of  God!" — 
And  these   Heads  of  the  Church,  in  order  to  defend  "  the  Fnith,"  hsre 
'jarasscd,  plunden^d,  Imiiged,  shr)t  and  even  burnt  alive  both  men  and  wo- 
meii  who  would  ni>t  acknowledge  them  as  such  I     Thus  it  was  when  the 
edict  of  Nantes,  wliich   Henry  IV*  estal)lislicd   to   protect  his    Protestant 
subjects  in  their  civil  and  reiigitius  rights,  was  revoked  by  Louis  XIV,  it 
beciime  the  signal  for  the  most  viclent  persecutions  of  that  people.    Their 
children  were  taken  from  them  and   placed  under  Papist  lencners — tlicy 
were  compelled  by  the  penalty  of  military  exteiition  t<i  embrace  the  Ro- 
miiit  fiiith — a  price  was  set  on  the  heads  of  those  who  refused — a  twentieth 
part  of  their  whole  number  was  butcher«d — half  a  iniliiim  fled  into  other 
lands  (as  the  Ptigfims  did  to  this)  that  they  might  be  at  liberty  to  worship 
God  according  to  their  own  consciences.      In  this  way  the  most  ingenioiu 
and   avowoilly  the  most  industrious   mechanics  of  France   were  driven 
into  exile ;  and  by  a  righteoin  and  retributive  Providence,  the  staple  m« 
nufnctures  of  that  kingdom  were  transferred  to  other  nations. 

or  those  who  took  refuge  in  England  was  Pa))in,  a  native  of  Blois;  I 
physician  nnd  philosopher,  and  one  of  the  most  t«lented  of  the  early  ex- 
perimenters on  steam  and  air:  a  man  of  whom  any  counlry  might  have 
been  proud,  and  who,  though  France  then  cast  out  as  a  di.-sgmre,  sbe 
nniB  cliiims  honor  to  herself  for  having  given  him  birtli;  and  mourns  tint 
the  reci>rds  nf  his  labors  are  only  to  be  found  in  forc-Iyn  archives.  What 
a  coinmeniary  on  relitrious  persecution,  thai  the  only  claims  wliich  Romin 
Cathiilic  France  has  or  can  set  up  for  a  share  in  the  invention  of  tbs 
sleam-uinrine,  are  b.ised  on  the  ingenuity  of  a  Jew  and  a  Protestant !— on 
Si'lomori  Decaus  and  Denys  Papin. 

Thrjiigh  the  influence  of  tlio  celebrated  Boyle,  Papin  was  elected* 
fell».v  jf  '.he  British  Riiyal  Society  in  December,  IGSO.  He  was  an  ac- 
tive nnd  'iseful  member,  nnd  nintrlbuted  several  interesting  pap<>rs  to  lb» 
Society's  Transactions.  In  ICSl  he  invented  a  method  of  softening  botiM. 
with  n  view  to  extrnct  nourishing  food  from  them,  viz.  by  submitting theffl 
to  the  acliun  of  steam  al  high  temperatures,  in  close  vessels  named  digatm 

po«lproin  nre  ihpy.  The  Onlc^m  wr.re  Hprivpd  from  all  torts  nf  ihinz*.  as  the  moM 
«l.'ir«,  'liters.  lior«es.  p^vo,-^ls.  llowyr-*.  *tnnt;^.  slif  lis  bird".  pi|»«,  Ifie  Havior,  nnzrU,  f4mt) 
wniiicn — 'Mill  tlnTP  vviia  c »» •'  nii  orili-r  ■il'/wu/s.— -v!ep(i:iiii«.  ihislles.  iiioimi.iiiK.  blno^ 
wool,  a  i:ili|i' — iinil  vvliii  i|iie«  not  Kiimv  iliiit  "  the  nwsl  hoiinrnhle  "  of  Fiielix'i  Ordefil 
llic  pr('«eiil  (lay  nxti  ihii-e  i»r  lli'>  Wril-r  liih.  or  hnlh!  and  of  \\\k  garter!  "The  crttttt- 
nif<  iitiPMiliti!;  ilit"«>  c.mi  (Kilv  he  t!i|i|:illBil  liir  riiiiiiim<Tit>s  and  chilHi»h  piipriliiiei  bv  tin 
nil)  iiiiiiliidc.s.  nil  tlio"e  «f  "  The  Ui«liop  of  KooU"  and  •  The  .\ibot  of  Unrpa«ou ' 
Siirli  nr«  the  tliiii::^  tluit  dulin^iiisli  "  tliK  ii'iviiegwl  onlcr< '*  of  E,irope — th-it  «f» 
druinnl  iieceMury  to  iiiuiiiliin  "the  Jignily  oi  the  crown,"— 'ind  tiik  Jdnistmeiit  oi  llM 
people 
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T!  ere  seems  however  to  be  some  mistake  respecting  the  dale  just  mcii- 
lioDed,  wliu.h  is  the  one  gonenilly  assigned;  fiir  in  the  second  volume  of 
Boylf's  Works  (liy  Show,  Lou.  1725)  are  uetiiils  of  etperimi-nts  on  boiling 
beef  Jtc.  "  111  scrow'd  vc»<irl»  or  ti"ig<?stors,"  in  the  bi'ginning  of  live  year 
1079 — thus:  "  Janunry  i'J.  Eight  nays  ago  I  fill'd  u  scrpw'd  vessi-i  with 
bei«f  .ind  water  together,  and  when  it  had  continued  over  a  iioderaie  Hrs 
fur  S  or  9  hours  in  oaliuu  maria  [a  water  hath]  stopp'd  aU.i  with  a  strew, 
1  took  the  flesh  out,"  iVc.  "  Feb.  10.  I  boii'd  a  cow  heel  after  tjje  same 
milliner  as  I  had  done  the  flesh  above  mention'd,  but  left  it  for  four  houra 
or  tniire  upon  a  moderate  fire;  then  the  vessels  being  unstupp'd,  we  iiiund 
the  llesi:  exceedingly  well  boiled,  and  the  bones  so  soft  that  ihey  might  lie 
eiisiiy  cut  wiih  a  knife  and  eaten."  "  Feb.  12.  I  repeated  the  experiment 
and  let  the  ves.-iel  remain  exposed  to  the  fire  for  12  hours,"  &c.  -  -  -  -  . 
"  Hence  it  appears  flim  many  bones  and  hard  tendons,  which  wo  daily 
throw  away  as  unprofitable,  may,  by  the  help  of  a  balnto  maiiir  stojip'd 
with  a  screw,  be  cimverled  into  good  nourishment."   pp   650,  551. 

Papin's  first  digesters  were  as  liable  to  be  rent  akunder  as  eolipiles 
lured  on  a  fire  w'lth  their  orifices  stopped.  They  are  figured  in  detail  in 
'oliniere's  Expcrunccs  tie  Plii/siquc,  ijd  ed.  Paris  171S.  Each  consisted 
of  a  short  hut  very  thick  tube,  of  lM?li-metal,  about  a  foot  in  length  and 
five  inches  in  diameter,  with  one  end  closed.  Tiio  open  end  had  a  coUar 
c»«t  on  It,  to  which  the  cap  or  cover  was  secured  by  clamps  and  a  screw. 
The  cover  and  end  of  the  tulie  were  ground  together  so  as  to  fit  air-tight, 
like  a  Vidve  to  its  seat.  A  few  bones  and  a  litllc  water  were  put  in,  and 
the  cover  screwed  down  ;  tht  "esse!  was  then  laid  in  a  horizontal  position 
on  a  l)ed  of  cliarcoal  in  a  long  iron  grate.  The  almost  unavoidable  rup- 
ture of  these  vessels,  led  Papin  to  the  invention  of  the  lever  safety-valve, 
wliii  li  he  first  applied  to  them,  and  afterwards  to  machines  ibr  raising 
water  by  steam. 

Notwithstanding  the  practical  knowledge  of  the  properties  of  steatn 
•ciiuired  by  the  employment  of  digesters,  Pajiin  does  not  appear  to  have 
kaa  any  idea  of  using  it  as  a  mechanical  agent  till  some  years  after.  His 
first  paper  on  the  subject  of  raising  water  is  dated  July,  1685,  (Phil. Trans, 
vol.  XV,  page  1093;  Abridgment,  vol.  i,  page  539)  entitled  "A  New  Way 
of  Raising  Water,  enigmntirally  proposed."  Three  different  solutions 
were  sent  in,  after  which  he  expl.iined.  The  device  was  a  small  fountain, 
in  which  the  liipiid  was  raised  by  a  piston  bellows  "  put  in  some  secret 
nlace.  where  a  bmly  may  play  the  same."  The  ajiplicalion  of  the  device 
was  then  pointed  out,  viz.  'o  draw  water  from  mine.s,  by  means  of  a  run- 
ning Firi-nin  located  "  far  distant  "  from  them  :  in  other  words,  to  transmit 
power  to  a  considerable  distance  hy  means  o( air, 

Hi<  pluti  was  this  :  «  series  "f  air-tight  receivers  were  to  be  plsced,  12 
feet  ubiivc  each  other,  in  the  shall ;  the  liisihest  on  a  level  with  the  ground, 
and  llie  lowest  12  feel  atiove  the  bottom  of  the  pit.  The  water  was  to  be 
traoftlerred  liy  the  pressure  of  the  atmosphere  from  one  receiver  to  ano- 
ther, rill  it  WHS  discharged  above.  For  this  purpose  a  pipe  extended  from 
tlfe  water  to  the  bott<im  of  the  lowest  vessel ;  anntlier  pipe  from  the  lower 
|virt  of  this  to  the  next  one,  and  so  on  to  the  lop  ;  and  to  prevent  the  water 
from  ninning  buck,  the  upper  orifice  of  each  pipe  was  covered  by  a  valve. 
The  mi>de  by  which  he  alieriialely  withdrew  air  from  and  admitted  it  into 
the  receivers,  con'litutes  llie  main  feature  of  the  plan.  The  i»(i)>er  parts 
of  every  two  rece..ers  were  connected  by  branch  pipes  tn  a  long  otje  au 
tached  to  the  bottom  of  a  fjmrnlr  air-piiin|),  which  was  to  be  placed  near  a 
water-wheel  impelled  by  the  current  ;  and  the  pisl<in  was  to  be  worked  by 
a  crank  formed  on  the  ihafl  of  the  wheel.      The  operation  of  two  pump* 
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anJ  four  receivers  will  be  sufficient  for  tli«  purpose  of  illuslratton.  Tli» 
pump  cyliiiJcrs  were  open  at  the  top.  They  iiad  no  valves,  and  but  nne 
small  opLMiinsj  at  the  bott<iin  of  each  where  the  'ojig  air-|iipe  was  umttra; 
aniJ  the  capacity  of  each  cylinder  was  equal  to  thn*.  nftwo  receivers.  The 
crunks  wurc  so  arranged  that  as  one  piston  ascended  llie  other  desccmltHi. 
It  wail  not  two  adjoining  receivers  that  were  connected  to  llie  siiinu  putnpi 
but  the  h>\vest  and  t!ie  next  but  one  above  it^  i.  e.  Nns.  1  an<l  3.  vt'iii!c  la 
Nos.  2  and  4  the  pipe  of  the  other  pump  was  nltached.  Thfn  lu  the 
piston  of  the  first  mentioned  pump  was  raised,  the  air  in  Nns.  1  and  3 
would  be  rarefied  by  rushing  into  the  pump  cylinder,  and  water  would  be 
forced  into  them  by  the  atmosphere:  in  the  mean  time  the  other  piitoo 
would  produce  a  partial  vacuum  in  Nos.  2  and  4,  and  ihey  would  become 
filled  with  the  liijuid  contents  of  Nos.  1  and  3,  in  coiiseijuence  of  the  ur 
previously  in  these  being  driven  back  by  the  descent  of  th«?  piston;  an  i 
linit  as  the  wheel  revolved,  water  would  consinntly  be  entering  one  half  i 
of  the  receivers,  and  the  contents  of  the  other  h:iif  be  uischnrging.  How 
the  water  was  to  be  delivered  I'rom  the  highest  receiver  Papiu  h»»  ncK 
informed  us — probably  through  an  orifice  covcrod  by  a  valve  opening- 
outwards. 

This  project  was  ingenious,  but  of  no  practical  value  ;  and  it  tailed  even 
in  an  experiment.  In  consequence  of  the  extreme  elasticity  of  air,  inJ 
the  great  facility  with  which  it  dilates  and  is  compressed,  little  or  noeflTect 
was  produced  by  the  action  of  the  pumps.  When  a  piston  descended,  the 
air  in  the  long  pipe  readily  yielded  to  its  Impulse  without  imparling  nnT 
very  sensible  compression  in  the  receivers ;  and  on  the  piston's  asi-eiit.  the 
air  in  the  pipe  agitin  diluted  and  no  sufficient  rarefaction  took  pi«ce,  i.-j 
consequence  of  the  great  distance  of  the  receiver  from  the  exhausting 
apparatus. 

On  the  failure  of  this  he  devised  another  plan.  Suppose,  for  example, 
that  it  was  reijuired  to  raise  water  out  of  a  mine,  and  that  there  wns  im 
river  \i\  turn  a  wheel  to  work  ihe  pumps  nearer  than  a  mile.  Papiii  pro- 
posed to  pUice  two  air-pump  cylinders  filled  with  jiislons  near  the  walcr- 
wheel,  and  other  two  at  (lie  mouth  of  the  mine.  These  were  to  be  con- 
nected by  a  pipe.  The  action  of  ihe  pistons  moved  by  the  wheel  wa»  to 
comprtss  the  air  in  the  cylinders,  and  in  the  pipe  throughout  its  wlinle 
lenglh,  under  the  idea  that  when  ihe  pistons  at  one  end  of  the  pipe  ■wen 
depressed,  those  at  the  other  would,  by  the  comniunicalion  of  pressure- 
be  elevated  ;  hut  although  the  pistons  moved  bv  the  water-wheel  con- 
densed the  air,  those  at  the  mine  stood  still.  The  same  cause  that  IpJ 
I'apin  to  abandon  the  first  device,  also  rendored  this  one  useless.  If  sir 
were  incompressible,  the  plan  would  have  answered  :  had  he  employed 
ip^t/fy  instead  of  air,  the  imichine  wovild  have  perfornniil.  Nnihing  dauiitetl 
however,  he  tried  again  in  IGStJ,  and  with  a  somewhat  :<miilar  ap))anilij«, 
imt  one  whnse  action  depended  upon  the  rarcfarlioi  of  air.  Two  ^arjfe 
air  cylinders,  open  at  top,  were  placed  a  short  distance  apart  at  Cue  mouth 
of  the  mine,  and  directly  over  them  a  cylindrical  shaft  or  axle,  supporwd 
on  journals  at  each  end.  Instead  of  rods  being  attached  to  the  piiilnns,  « 
strong  rope  was  fastened  to  the  centre  of  each,  and  coiled  three  or  four 
limes  round  tlie  axle  in  opposite  directions,  and  fastened  to  it.  Between 
the  cylinders  a  large  drum  or  wheel  was  fixed  upon  the  aicle,  having  t 
long  rope  wound  round  it,  and  the  two  ends  (of  the  rope)  suspended  fnira 
opposite  sides  reached  half  way  down  the  mine.  To  these  ends  two  largA 
buckets  were  attached,  in  which  to  raise  the  water.  As  the  drum  t'irned 
first  one  way  and  then  the  other,  one  bucket  would  be  raised  and  tht  other 
lowered,  like  two  buckets  suspended  over  a  pulley  in  a  well.    The  desi^r 
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of  the  air  cylindei«  was  ihereri.pj  lo  impart  an  alternate  niovenient  to  he 
axle  and  ornni,  and  conseijuuntly  to  the  buckets,  by  the  dticent  of  the 
pistons.  (The  power  that  forced  those  down  was  the  pressure  of  the  at- 
mosphere, and  the  manner  of  exciting  it  will  pn-senlly  be  noticed.)  Hence 
u  one  piston  desc-mled,  the  rope  secured  to  it  necessarily  drew  round 
ne  axle,  and  raised  the  ether;  and  when  this  one  in  its  turn  was  forced 
down,  the  movement  was  reversed  and  the  "irst  one  raised. 

A  communication  was  made  between  \\\i  under  side  of  the  two  cylinder! 
by  a  pipe,  and  to  this  another  long  one  was  attached  at  right  angles.  This 
last  pipe  was  to  be  of  such  a  length  a<  to  reach  to  the  place  where  an 
under  or  overshot  wheel  could  be  applied  to  work  two  air-pumps.  These 
were  to  be  furnished  with  valves  and  suckers  like  common  sucking  pumps, 
and  In  the  lower  part  of  each  the  exhausting  pijie  was  to  be  cotniected  by 
a  branch.  These  pumps  would  therefore  draw  the  air  out  of  the  cylinders 
at  the  mine,  and  ci>nse(|uenlly  cause  the  pistons  in  them  to  descend.  For 
this  purpose,  however,  some  device  for  alternately  opening  and  closing 
'iie  communication  of  each  cylinder  with  the  exhausting  pipe  was  required; 
because  if  a  vacuum  \«cre  made  in  both  cylinders  at  the  same  time,  the 
pressure  of  the  atmosphere  on  both  pistons  would  be  the  same,  and  neither 
of  ihem  would  move.  To  avoid  this,  Papin  introduced  at  the  intersection 
of  the  exhausting  pipe  with  the  one  that  connected  the  cylinders,  a  four- 
way  cock — three  of  its  passages  being  joined  to  the  three  branches  formed  - 
!iv  the  intersection  o(  the  pipes,  while  the  fourth  one  opened  to  the  air. 
Thus,  supposing  the  pumps  to  be  constantly  at  work,  and  the  plug  of  the 
lock  so  turned  that  the  air  ir.  one  cylinder  at  the  mine  might  be  drawn 
out,  the  atmosphere  would  then  push  down  the  piston,  provided  the  ex- 
.emal  air  had  access  lo  the  under  side  of  the  other  piston.  This  was  that 
which  the  fourth  passage  of  the  cock  was  designed  to  accomplish ;  for 
*hetiover  one  cylinder  was  in  communication  with  the  cxhaustii'g  pipe  the 
u'ner  was  in  communication  with  this  passage,  and  hence  by  turning  the 
•-ock  a  constant  reciprocating  motion  was  imparted  to  the  axle,  drum  and 
lutrkets. 

A  project  something  like  this,  Papin  thought,  might  be  applied  lo  work 
the  pumps  of  the  great  machine  at  Marii,  (see  page  296) — the  power  of 
the  water-wheels  on  the  Seine  being  transmitted  by  air  instead  oi  chains 
Ice.  The  device  is  creditable  to  his  ingenuity,  I'ut  he  was  doomed  to 
experience  further  disappointment ;  for,  on  trial,  the  air  was  so  slowly 
urawii  from  the  cylinders,  and  the  ilitficulties  ef  making  the  pistons  work 
air-lit:ht  were  so  great,  that  no  prnct'cnl  benefit  could  be  derived  by  its 
adoption.  He  enlarged  his  pumps  and  diminished  the  bore  of  the  pipes 
ill  order  to  accelerate  the  movement  of  the  pistons,  but  without  success. 
Had  he  placed  a  close  vessel,  several  times  larger  than  his  eylinders,  in 
communication  with  the  firther  end  of  the  exhausting  pipe,  and  in  which 
a  constant  vacuum  was  maintained,  then,  on  turning  the  cock,  the  air  in 
the  cylinder  would  have  rushed  into  this  vessel,  and  the  piston  would  im- 
medialelv  begin  to  descend.  This  mode  of  transmitting  power  is  capable 
of  some  useful  applications.  See  an  account  of  a  proposed  pneumatic 
rail-way  in  the  current  journals  of  the  day. 

Although  these  attempts  to  raise  water  and  transmit  power  fiy  means 
of  air  were  unsuccessful,  they  are  interesting  for  the  ingenuity  disj>layed, 
and  also  because  their  failure  led  Papin  to  the  employment  of  other  agents. 
Having  been  invited  by  the  Landgrave  of  Hesse  to  accept  the  pnifessor- 
4hip  of  raatiieinatics  in  the  university  of  MHr|itir£r,  in  Germany,  he  left 
i5:iglan»l  in  36S7;  but  shortly  before  his  depjirt'ire,  he  exhibited  to  llio 
Royal  Svcic-ty  some  expcriineuts  en  the  application  of  gunpowder  to  pro 

57 


4.M) 


Papin'i  EijH-nmcnU  on  Statm 


[Book  IV 


J'JC'"*  H  vacu'.in).  His  a|)|>nratiis  tnnsisted  of  a  small  c^lmcier,  la  %vhir.li( 
i>ist.<r.  like  tliut  of  a  common  pump-sucker  (\n2.  willi  «ri  aperture  circrel 
bv  n  vnlve)  was  filted  to  niiivc.  Tlie  bottom  of  ibe  cvliinler  was  c'.nsol, 
anil  whon  the  pislon  was  near  the  top  he  expluilcJ  n  smult  ch.irge  oi 
pinV(li!r  buliiw  it,  with  ihu  hope  thut  the  sudden  blast  of  tlamo  wounl  expel 
all  the  air  tlirou(jh  the  vrlve,  which  inslanlly  closi'ig  would  prenent  iti 
return.  A  vsrnum  l>ein^  thus  formed,  the  presnure  rif  ihf  aUnn»phcrc 
would  bo  exoit-d  and  might  be  used  as  a  source  of  p<n»'cr.  He  could 
not  however  succeed  in  dtt>'ing  out  all  the  air  by  tiic  explosion,  and 
the  pressure  on  the  pislon,  (ascertained  by  att&ching  weights  to  a  rope 
passed  over  a  pulley  and  connected  to  the  piston  rod)  instead  of  being 
13  or  14  pounds  on  the  square  inch,  seldom  exceeded  six  or  seven.  He 
published  din  account  of  these  experiments  the  f.illowing  year  in  the  AiMt 
Eruditi>ruin,ii journal  published  tit  Leipsicand  which  was  loGerinnny  wliU 
the  Journal  des  Savaiis  was  to  France  and  the  I'liilosophicul  Trnnsnctioni 
to  England.     It  was  commenced  in  1682.  and  bo;h  the  latter  in  1666. 

In  1G90,  I*apin,  unable  to  obtain  a  sutficient  vacuum  with  gunpowder, 
turned  his  attention  to  steam.  In  one  of  his  first  essays  he  raised  the 
piston  by  its  expansive  force  ;  and  then  allowing  it  time  to  cool  and  return 
to  its  former  bulk  as  a  liquid,  the  pressure  of  the  air  forced  the  piston  back. 
His  cylinder  was  2^  inches  diameter,  and  closed  at  the  bottom.  A  small 
quantity  of  water  was  introduced  through  a  hole  in  llic  piston,  which  w«j 
pushed  down  to  exclude  the  air  below  it,  and  the  hole  tlien  stopped  by  a 
plus.  A  brasier  of  burning  coals  waa  now  applied  to  the  bottom  of  the 
cylinder,  and  the  piston  conse'juently  raised  by  the  accumulating  vapor. 
When  the  piston  reached  nearly  to  the  top  of  the  cylinder,  it  was  rcLuned 
there  by  a  latch  slipped  into  a  notch  in  the  piston  rod  :  the  fire  was  now 
removed,  and  the  steam  quickly  condensed  by  the  lower  temjwniture  of 
the  surrounding  air :  the  latch  was  removed,  and  the  atmosphere  pressed 
the  piston  down  and  raised  a  load  of  60  pounds,  which  was  Htlached  by* 
rope  and  pulley  to  the  pislon  rod,  being  an  eft'ective  force  of  12A  pounds 
U|)on  every  suiiaie  inch  on  the  upper  surface  of  the  piston.'  A  «lcvice  oS 
this  kind  Papm  thought  svas  ojiplicable  to  draw  water  from  minea,  and  to 
row  boats  against  wind  and  tide. 

It  does  not  appear  that  Papin  made  any  essential  improrement  on  tlie 
apparatus  during  the  four  following  years;  for  when  he  pubUshcd  hi» 
"  Recueil  des  iliverses  Pieces  louchaiil  nuelques  Nouvelles  Machineii,  et 
autres  Siijets  Pliitosnphiques,  par  M.  D.  I  apin,  Dr.en  Med.  ACusel,  1695," 
he  still  conlempliited  generating  the  steam  in  the  cylinders;  and  at  every 
stroke  these  were  either  moved  from  the  fire,  or  the  fire  from  them.  It  i» 
astoniiihtng  that  the  idea  of  a  fixed  and  separate  boiler  did  not  occur  lo  him. 
liis  plan  was  never  .tried  except  as  an  experiment ;  and  he  subsc<)uently 
abandoned  the  use  of  cylinders  and  pistons,  and  applied  steam' to  rai>e 
water  on  the  plan  of  Worcester's  6Slh  proposition.  This  was  unfortunate 
for  his  fame;  for  in  his  experiments  with  the  piston  and  cjiJimler  he  w«* 
in  jMissession  of  every  principle  of  the  Iqwjjressure  steain-cnginc,  and  h»J 
he  liillowed  up  the  device  he  would  have  borne  off  the  (lalm  from  all  hij 
ronleinpnraries.  Even  the  high-pressure  engine,  and  all  the  glory  of  its 
development,  was  then  within  his  reach  ;  but  he  was  no  practical  me- 
ohanic,  and  his  thoughts  became  diverted  into  other  channels.    Ono  of  llie 


•  It  i«  tinpostible  lo  cnnliriiifiliilc  the  vnrioiis  nitirmptt  of  Papin  to  mnre  ■  putoR  !<» 
ttmrnphtric  prtssHrc,  wiilimii  iinifnne  Hie  »ii:ili>«_v  li«iween  his  conirivniire*  nml  Uwl.* 
Giierricke.  and  without  ihiukiiig  tliai  llii;  a|ipiiraliia  of  tliis  pliiiu^plief  wan  |Mwa> 
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most  pleasing  and  honorable  circumstances  connected  Willi  the  history  rf 
Papiri's  lalx>ri,  \»  tlie  candid  admission  of  several  English  writers  of  hii 
great  mertla,  and  their  generously  expressing  regret  that  his  attention 
chould  have  been  diverted  when  he  was  so  near  realizing  the  most  splen- 
did reward.  His  name  is  liowever  inseparahly  connected  with  the  steam- 
engine,  and  as  long  as  the  safety-valve  shall  be  used  the  world  will  be  his 
debtor. 

It  should  not  however  be  supposed  that  safi-ty-valve»  were  wholly  -jn- 
known  Itefore  Papin's  lime  ;  on  the  contrary,  they  were  frequently  used, 
although  this  fact  has  not  been  noticed  by  any  writer  on  the  steam- 
enciiie.  The  liability  of  stills  and  retorts  to  i>c  rent  asunder  led  old  che- 
mists to  apply  plugs  to  openings  in  thone  vessels,  that  the  vapor  might 
mise  or  drive  them  out  and  escap"?  ere  its  tension  exceeded  the  strength 
of  the  vessels  :  such  were  the  plug."  in  ancient  steam  deities,  see  pnge  399. 
In  some  old  works  on  distilling,  conical  plugs  or  valves  are  shown  a.s  Kited 
into  cavities  on  the  tops  of  boilers,  and  in  some  cases  they  were  loaded. 
In  tlte  " Muivm  Rtutiqu«  de  Maistrcs  Charles  Estienne  et  Jean  Liebault, 
Docteurs  en  Medecine,"  Paris,  1574,  folio  196,  197,  are  figures  of  iwo 
dote  boilers  in  which  the  distilling  vessels  were  heated  :  one  formed  a 
water,  the  other  a  vapor  bath.  On  tiie  top  of  each  is  a  conical  valve  open- 
ing upwards.  These  served  both  to  let  out  the  suDerfluous  steam  and  to 
introduce  water.  Glauber,  who  contributed  several  valuable  additions  to 
tiie  mechanictt!  department  of  chemistry,  has  figured  and  descrilied,  in  his 
Treatise  on  Philosophical  Furnaces,  the  modes  by  which  he  prevented 
glaas  retorts  or  stills  from  being  burst  by  the  vapor.  A  long  stopple  or 
conical  valve  was  fitted  to  the  neck  of  each,  lieing  ground  air-iiglit  to  ita 
seat,  and  loaded  with  a  "  cap  of  lead,"  so  tliat  when  the  steam  became  too 
"  high  "  it  slightly  raised  the  valve  and  a  portion  escaped  ;  the  valve  then 
closed  again  of  ifself,  "  Ijeing  pressed  down  with  the  leaden  cap  and  so 
stopt  close."  (English  Translation,  Lond.  1651,  p.  306.)  The  valve  on  ft  i 
Newcomen's  first  engine  was  of  this  description.  In  the  same  work  Glau-  O^T' 
ber  describes  the  most  philosophical  of  all  safety-valves,  vit.  a  column  of 
mercury  enclosed  in  a  l»ent  lube  which  communicates  with  the  bciler  or 
still,  somewhat  like  the  moilern  mercurial  gauge  He  also  describes  that 
l)eautiful  modification  of  it  known  among  chemists  as  the  water  lute,  or 
•piicksilver  lute  :  that  is,  around  the  mouth  or  neck  of  a  vessel  a  deep 
cjivity  is  formed  and  partly  filled  with  .vater  or  mercury,  as  the  case  msy 
be.  A  cylindrical  vessel,  open  at  top  and  closed  at  bottom,  forms  the 
cover:  it  is  inverted,  tne  open  end  being  placed  in  the  cavity  and  dipping 
M  far  into  the  liquid  as  the  internal  pressure  may  require.  In  "  The  Art 
of  Distilliition,  or  a  Treatise  of  the  choisesl  Spagyrical  I*]Nperimenls,"  &c. 
by  John  F"rench,  Doctor  of  Physic,  Lond.  16.t1,  the  author  describes  the 
game  devices  for  preventing  the  explosion  of  vessels  as  those  mentioned 
by  Glauber.  Speaking  of  the  action  of  such  sHfety-valves  he  observes, 
(page  7)  "upon  the  top  of  a  slopple  [valve]  there  may  be  fastened  some 
lead,  that  if  the  spirit  be  too  strong,  it  will  only  heave  up  the  stopple  and 
5et  it  fall  down  again."  Papin's  claim  therefore  is  nut  to  the  valve  itself. 
(»ut  to  its  improvement,  or  rather  to  the  mode  of  applying  it  by  means  of 
K  le»er  «nd  moveable  weiglit;  thereby  not  only  preventing  the  valve  from 
bcii'g  blown  entirely  out  of  its  place,  but  regulating  the  pressure  at  will, 
»nd  rendering  the  device  of  universal  application. 

It  was  not  till  some  years  after  Savery  hud  introduced  his  steam  machine 
'.hat  Papin  proposed  the  followinjj  one,  which  lie  announced  in  a  work 
etiliiled  "  Nouvelle  maniere  pour  lever  I'eau  par  la  force  du  feu,  mise  ei 
luniit-re.  par  M    D   Pajiiu,  Docleur  en   Med.  Prof,  en  Mathem.  a  Casei. 
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1707."     It  is  inserted  here  out  of  chronological  order,  to  keen  this  notic* 
of  hl«  kbors  unbroken. 
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A  copper  boiler,  A,  is  set  in  hrick  work  and   furnished    with  a  ssfcij- 
valve,  B,  whose  lever  is  loaded  with  the  weight  C.     The  steam  pipe  and 
cock  D  connect  the  boiler  with  the  receiving  cylinder  F.     A  hollow  flotl 
or  piston  is  made  to  move  easily  in  F,  to  prevent  the  stenm  from  connrij? 
in  contact  with  the  water.    A  cavity  is  made  in  this  float  for  the  retoplion 
of  an  iron  heater,  Z,  designed  to  keep  up  the  temperature  nf  the  stenm 
when  the  latter  is  admitted  into  F.     Iho  iieater  is  admitted  through  the 
opening  on  the  top  of  F,  which   is  rlosed   by   the  valve  G.      X,  a  fiiriiiol 
through  which  the  water  to  be  raised  is  introduced,  which  is  kept  fmm.T- 
turning  by  closing  the  cock  or  valve  II.    The  lower  part  of  F  i*  coiinectwl 
with  the  rising  main  K  by  a  curved  ar.d  tapered  tube.     The  pipe  K  ter- 
minates in  a  reservoir  or  air  chamber,  whence  the  water  is  dischargi«d  hy 
the  pipe  O  upon  an  overshot  wheel,  or  conveyed  to  the  place  where  it  inn* 
be  re(]uired.     If  the  rect-iver  be  charged  from  l>elow,  a  suction  pij>e  (im- 
perfectly represented  by  the  pipe  1)  was  continued  to  it  from  the  iiihW 
side  of  the  curved  pipe.     The  steam  flowing  through  the  pipe  D  pr^swj 
down  the  piston,  and  the  water  beneath  it  is  forced   up   the   pipe  K,  (the 
valve  at  ihe  lower  part  of  K  preventing  its  return.)   When  trie  piston  Imj 
reached  the  bottom  of  F,  the  cock  D  is  shut  and   the  one  marked   E  is 
opened.     H  is  then  opened,  and  the  water  rushes  in   and  drives  up  liif 
piston  as  before,  when  the  o|>eration  is  repeated.     Water  was  raised  b» 
one  of  these  machines  to  an  elevation  of  70  feet,  whence  it  descended  u<J 
formed  a  jet  d'eau  in  the  court  of  the  Hessian  Academy  of  Arts. 

Belidor  inserted  a  figure  and  des<:ri|)tioM  of  this  machine  in  the  sewwl 
irolixme  of  his  Architecture  Hydraulique,  p.  3!j8. 
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Gspvriaputers  coatvniparmi /  with  Papin — Savery — Tfaii  rBfinmr  p«blUli««  liiit  iavenlton^-llli 
tri,jm  Fi  fvr  jirv|i(4liof  VftsnU — Ridicule*  thi*  Stirve,Torn(thr  Nav/  for  op\'0»ine  il—  llii  6r*i  exprriliipnu 
•a  ttcam  laade  in  a  uvrrO'— Accouat  of  llinm  liv  Dp«a)rullert  and  Switxrr — Snrery'i  first  ruiciur — lu 
•f*eraliuu — Giiyiuc  Willi  ■  tinxlo  receiver — S>very'a  improTpit  enyius  dirHrnliet) — Giiu^e  ciick^^EicflU 
••al  Taaturaa  of  hu  improved  eogiiM—IU  variuiu  part*  cunoected  by  coupltlif  >crcw»— Ijiul  nn  >arety- 
lalve — Rpjrct«d  by  mioere  on  accouot  of  tlie  danrcr  rrom  the  boiteri  PKplodiD$ — Solder  mrltrj  by 
Hraa>— OpiuioiiB  mpcctiD|;  Iba  onpin  of  Savory's  euf  me — ll  beara  oo  relalioo  lo  the  piiliiii  eii^ltta 
--Moilificatlooi  of  Saver}-**  f  limine  by  Devaf  ulirri,  Leopold,  ninker  and  otbera^Rivatz — Enpiiie*  by 
*?rn««tiDe — D«  Moam — 0"  Rif  iiy — Francoi*  ami  other* — Aiiinnton'*  fire  mill — .\cwtoinen  and  Cawley— 
Ybair  cap iue  •U(M!rior  to  Savery** — .Xewcomeii  «c()ualilled  with  the  previous  eipenllienu  or  FaplD— 
ClwUMOftlcc*  fdvarabl*  to  the  mtrotlurtion  nf  Newcomeii'*  enf  iite — UcHvription  of  It — Condensation  by 
t^iodion  tllacovered  by  chaiH'e — Chain*  and  Seclwr>— Savery'*  clain  loa  »harc  ifl  Kewcomeu'*  palest  aa 
Mijaal  »■• — MariU  of  Newoomaa  and  Cawley. 

^^poth  phiiosonhers  and  mpchaiilc*  were  engaged  in  experiments  nn  air 
'ma  sleara  macnines  about  the  same  time  as  Papin.  Of  these,  Savery, 
Amontons,  Newcomen  and  Cuwlev  were  the  must  snct^essAii.  The  two 
last  named  have  not  senerai'v  been  considered  so  earlv  in  the  field  ;  but, 
:ram  an  observation  of  Switzcr,  such  appears  to  have  bfcn  the  case.  As 
Weekly  and  monthly  'Journals  of  Arts'  and  'Mechanics'  Mapazines'  had 
not  then  been  introduced,  those  who  were  disposed  lo  communicate  their 
discoveries  to  the  public  had  no  appropriate  medium  for  doiii^  so,  except 
r>y  a  separate  ptibllcntion.  and  this  mode  but  an  exceedingly  small  number 
of  inventors  ever  atlopied  :  hence  it  is  that  not  only  the  dates  of  several 
jnotJcrri  invenipins  are  uncertain,  but  numerous  devices  and  valuable 
floating  thoughts  have,  with  their  authors,  been  constantly  passing  into 
utter  oblivion.  The  history  of  steam  as  a  mechanical  narent  affords  signal 
proofs  of  the  advantages  of  inventors  recording  their  ideas  :  thus  the  name 
!  of  Decaus  had  long  been  forgotten,  when  an  old  tract  of  his  was  disco- 
rered  containing  the  device  we  have  figured  at  page  410.  Tliis  he  pro- 
bably considered  the  most  trifling  thing  in  liis  book,  yel  on  account  of  it 
a  place  has  been  claimed  for  him  among  the  immortal  authors  of  the  steam- 
engine.  Moreland,  of  whoso  speaking  tnimpet  an  account  was  inserted 
tn  the  six'h  volume  of  the  Philosophical  Transactions,  and  his  ideas  of  the 
power  retpiired  to  force  water  to  different  elevations  in  the  ninth,  omitted 
to  publish  liirough  the  same  or  any  other  medium  a  ilescription  of  his 
•team-engine  ;  and  by  this  neglect  has  lost  a  large  pnrlion  of  honor  that 
might  have  been  attached  to  his  name.  The  same  may  be  said  of  Garay, 
Ramseye  and  Worcester.  Savery,  however,  knew  belter,  for  he  laid  Lit 
macliine  before  the  Royal  Society  and  got  it  noticed  in  their  Transactions; 
and  when  he  had  subsequently  improved  if,  he  published  a  scpiirute  ac 
count  with  illustrations;  in  consetpience  of  which  he  has  sometimes  been 
considered  the  author  as  well  as  describer  of  the  first  working  sieam- 
engine. 

Of  Savery'*  personal  history,  less  has  transpired  than  of  either  More- 
land's  or  Worcester's.  He  evidently  was  a  man  of  great  energy,  who 
♦aised  himself  from  obscurity  by  his  taleiit-i — a  self-made  man.  According 
to  B  tra  lition  he  commenced  life  as  a  wo-kinp'  miner,  and  in  orocesa  of  ti'no 


454 


Savcry't  Project  Jor  jnO/Kl/ing  Boatt, 


[B<aiv 


hi-rame  an  engineer  and  thus  acquired  the  title  of  CapUtin,  agrcedbhr  n 
a  cii>lnm  wliicli  IS  suid  still  tu  prevail  among  lliv  Curiush  miDers.  H* 
fteein^  to  iiiivc  Hcquired  a  competence,  if  not  wealth,  previous  to  the  cnm- 
mencemenl  uf  his  experiments  on  steam,  and  we  stiutl  lind  that  he  wai  si 
independent  in  his  spirit  as  in  his  pur^e.  Swiizf-r,  who  was  uitimAldy 
BCijiiainted  with  him,  says  he  was  a  meralwr  of  the  l>oard  nf  comm»»ioncni 
lor  the  sick  and  wounded  ;  but  tliij  was  pmlMliiy  in  the  latter  part  of  iiii 
life,  and  subsequent  to  the  introduction  ot'  his  stcuni  inuchines. 

The  first  invention  of  Savery  that  we  meet  with  is  in  a  pamphlet  pub- 
lished by  him  in  1G9S,  on  the  propulsion  of  ships  in  a  calm.  His  plan 
consisted  of  paddle-wheels  lo  be  worked  by  the  crew.  In  llie  first  editioa 
nf  Harris's  Lexicon  Technicum,  A.  D.  1704,  there  is  a  description,  snd  in 
the  second,  1710,  a  figure  of  Siivery's  "  ei.s;ine  for  rowing  ships."  A 
horiznnlul  shaft  pusses  thniugh  the  vessel  between  decks,  and  to  each  end 
a  paddle-wheel  is  attached.  On  the  middle  of  the  shaft  is  a  pinion  or 
trundle  wheel,  and  underneath  a  capstan  upon  which  a  cog  wheel  ■»  fixed, 
whose  teeth  are  made  to  work  between  those  of  the  pinion.  A  numlwr 
of  bars  are  arranged  in  the  capstan,  and  the  crew  were  to  apply  their 
strength  to  these  as  in  raising  an  anchor.  As  the  officers  uf  the  admiralty 
after  examination  declined  to  adopt  it,  Savery  tells  them  he  had  two  other 
important  inventions,  which  he  would  not  disclose  until  they  did  hirn  jui- 
tii:<;  in  this  !  He  even  held  up  his  opponents  to  ridicule.  On  the  Survcynr 
of  the  N.ivy,  who  reported  against  the  adoption  of  his  plan  as  one  neither 
nuw  nor  useful,  he  was  very  severe.  At  that  time  large  wig*  were  coin- 
monlv  worn,  and  Savery  gave  a  smart  rap  on  that  which  covered  the 
head  of  his  official  adversary,  "  It  is  [he  observed]  as  common  for  liei 
und  nonsense  to  be  disguised  by  a  jingle  of  words,  as  f'<r  a  blockhead  lo  be 
lid  by  ainindance  of  peruke."  Had  Savery  been  of  a  timid  disposition, 
A'e  should  probiibly  never  have  heard  of  him.  After  cnduriu);  one  or 
two  reiiiiffs  in  atteinpling  to  introduce  his  inventions,  he  would  have  rf- 
tired  and  sunk  unknown  into  the  grave,  like  thousands  of  inventors  hcfnre 
him. 

Of  the  fevr  incidents  preserved  resp'cting  his  private  life,  there  are  two 
from  which  it  seems  that  he  loved  a  glass  of  good  wine  and  a  pipe  of  to- 
bacco ;  and  that,  to  obtain  tiiem,  he  was  in  tlie  habit  of  visiting  a  tavern. 
Let  not  those  who  eschew  such  things  complain  of  us  for  unnecesssriiv 
mentioning  them,  for  Savery's  first  experiments  on  steam  were  made  in« 
bar-room,  with  a  wine  Hask  and  a  tobacco  pipe.  At  such  a  place  and  with 
such  implements  he  is  said  to  have  become  ac(|uaiiited  with  the  priiiciplra 
of  his  famous  machine.  The  circumstance  has  not  been  commonly  known, 
,T  some  scientific  lioniface  wtTuld,  long  ere  now,  have  adopted  Saverj''» 
jeiul  for  a  sign;  and  artists  would  have  made  him,  in  the  act  of  expori- 
nenting,  the  subject  of  a  picture.  There  is  a  rich  but  neglected  field  for 
historical  painters  in  the  facts  and  incidents  connected  with  the  origin  and 
development  of  useful  mechanism. 

.According  to  Desaguiicrs,  Savery  declared  that  he  found  out  the  piw«f 
of  steam  by  chance,  and  in  the  following  manner:  "  Having  drank  a  flask 
of  Florefice  [wine]  at  a  tavern,  and  thrown  the  emptv  fl&»k  upon  the  fir*, 
he  caird  for  a  bason  of  water  to  wash  Ins  hands,  and  perceiving  that  the 
little  wine  left  in  the  flnsk  had  filled  up  the  flask  with  steam,  he  look  ihs 
flask  bv  the  neck  and  pbiiiged  the  mouth  of  it  under  the  surfnce  of  tht 
water  in  the  hason  ;  and  the  water  of  the  bason  was  immediately  driven 
•jp  into  the  flask  by  t/it  prmure  of  the  air."*    This  illustration  of  the  ascenl 
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into  a  vessel  frnni  which  the  air  had  been  expelled  by  steom,  wai 
"»e  not  new  ni  Suvery's  time,  although  it  Bpppars  to  have  been  so 
Switzer  gives  a  different  accniint.  "  The  first  hint  from  which 
d  be  took  this  engine  was  from  a  tol)acco  pipe,  which  he  itnniers'd 
I  or  cool  it,  as  is  sometimes  done  :  he  discover'd  by  the  rarefiiction 
Ur  in  the  tube,  by  the  heal  or  steam  of  the  water  and  the  gravitation 
alse  ol'ihe  exterior  air,  that  the  water  was  made  to  spring  through 
e  of  the  pipe  in  a  wonderful  surprising  manner.""  It  was  an  old 
of  veteran  smokers,  whvn  thfir  (clay)  pipes  became  blackonec' 
MM,  and  more  particularly  when  choked  or  furred  up,  to  t'Inco 
•  liri^ht  fire  till  they  became  red  hot,  then  lo  remove  and  allow 
i  cool.  IJy  this  operati;.n  they  were  whitened  and  purified  like  the 
tistible  cloih  of  the  ancients,  which  was  cleansed  in  the  same  way. 

Bucntly  when  taken  from  the  fire  the  mouths  of  the  pipes  were 
slowly  into  water;  steam  was  thus  formed,  and  rushing  through 
es,  was  sometimes  preceded,  often  Bccomnnnied,  and  sometime* 
id   by  jets  of  water.     There  are  however  different   causes,  and  fur 

vious  ones,  foj^  the  liquid  issuing  through  tobacco  pipes  under  such 

ances,  so  that  it  is  dilricult  to  perceive  what  inference  Sovery  drew 
experiment, 
hatevor  m,iy  have  led  Savery  to  the  sulijecl  of  steam,   he  had  so 

red  bis  ideas  respecting  as   application   to   raise  water  as  to  erect 

several  engines,  and  to  secure  a 
patent  as  early  as  1C98.  In  June 
of  the  followiin;  year  he  submitted 
a  working  model  to  the  Royal  So- 
ciety, and  made  succe.tsfiil  experi- 
ments with  it  at  the  same  lime.  A 
fiiruie  of  this  engine  was  published 
in  the  Transactions  of  that  year,  and 
may  also  be  found  in  the  first  volume 
of  Lowthorp's  Abridgment.  No. 
193  is  a  copy.  It  consisted  of  a 
close  boiler,  B,  set  in  a  brick  furnace 
A.  and  two  receivers  D  D  support- 
ed on  a  stand,  and  made  of  strong 
copper  and  air-tight.  Asuclionpipe 
whose  lower  end  descends  into  a 
well,  or  other  place  whence  water 
is  'o  be  raised,  (which  may  be  about 
2t  i'eet  below  D  D)  and  whose  up- 
per pari,  divided  into  two  branches, 
coiiimunicates  with  the  ttip  of  the 
receivers.  Each  branch  is  furnished 
with  a  valve  at  E  E,  opening  up 
WHrds.  to  prevent  tlie  water  frf>rn 
returning  when  once  raised.  The 
lower  part  of  the  forcing  pipe  G  lias 

branches,  FF,  which  communicate  whh  xhc  bottom  rtf  the  receivers, 
ise  branches  have  also  valves,  E  E,  like  the  others  opening  upwards. 

cciver  has  a  communication  with  the  upper  part  of  the  boiler  by 

lipes  and  cocks  C  C. 

operation  was  as  follows : — The  boiler  was  two  thirds  filled  witii 
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waltT,  a  fir!  made  under  it  an  J  tlie  steam  ruiseJ.  One  of  the  cockt  W41 
llieii  ojionej,  aiui  the  steiim  passing  through  HIIl-J  tlic  receiver  bv  dhciiig 
•he  air  preiiouslv  within  it  into  the  forcing  pipe  :  the  cock  was  then  dnaed, 
and  the  steam  within  the  receiver  soon  becafne  condensed  by  the  cold  »ir 
<n  contact  witli  its  exterior  surface,  or  hy  pouring  cold  water  upon  il; 
hence  a  vacuum  was  produced  within,  and  conse(|Ucntly  tiie  water  in  which 
tlie  K)wer  end  of  t)ie  suction  pipe  was  immersed  was  driven  up  Uy  t)i« 
pressure  of  the  atmosphere  so  as  to  fill  the  void.  When  this  had  laken 
place  the  same  cock  was  ag^ain  opened,  and  the  steam  rushing  in  urgt'dby 
Its  expansive  force  the  contents  of  the  receiver  up  the  forcing  pipe,  is 
this  manner  water  was  alternately  raised  into  and  expelled  from  both 
vessels. 

As  a  practical  miner,  and  consequently  conversant  with  the  subject  of 
raising  water  on  a  large  scale,  Savery  was  better  qualified  to  carry  hit 
views  into  operation  tlian  a  mere  |)liilosophcr.  His  first  essay  in  emplovine 
steam  was  a  proof  of  this.  "  1  have  heard  him  say  myself  [observesSw  itMr] 
that  the  very  first  time  he  play'd,  it  was  in  a  potter's  house  at  Lambeth, 
where  tho'  il  wiis  a  small  engine,  yet  it  [the  water]  forc'd  its  way  through 
the  root',  and  struck  up  the  tiles  in  a  manner  that  surpris'd  all  the  spectator!." 


No.  tM.    9mimf't  Blafli  Bagioa, 

Sometimes  Savery  employed  but  one  receiver.  No.  194  represents  in 
engine  of  this  kind,  erected  by  him  at  Kensin^on.  A  description  ol  it 
wan  first  [lublished  by  Mr.  Bradley  in  bis  "  New  Improvements  of  Planting 
and  Gardening."  It  is  also  figured  and  described  by  Switzer,  who  eiv 
mined  it  und  thought  it  "  the  plainest  and  i>e8t  proportJon'd  of  auy  "  he  hui 
seen.  Its  effects  were  considered  proportionally  greater  than  thoso  with 
two  recei'/ers.  C,  a  spherical  iioiler  of  the  capacity  of  forty  gallons,  ud 
charged  through  the  tunnel.  B,  the  receiver,  which  held  llnrteeii  £^aili>nt 
A,  the  suction  pipe,  sixteen  feet  long  and  three  inches  bore.  D,  tFie  forc- 
ing pipe,  of  the  same  bore  and  forty  two  feet  long.  A  valve  opeoinf 
upwards  was  placed  in  A,  and  another  at  the  lower  part  of  D,  at  H.  E. 
the  steam  pipe,  an  incli  in  iliamcter.  G,  a  sliding  valve  or  cock,  futiiiibeil 
with  a  lever  handle.     F,  a  cock  in  tlie  forcing  pipe,  to  admit  cold  walei 
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to  flow  upon  the  receiver.     A  pipe  attached  to  the  tunnel  descended  into 
the  biiiler  ajid  served  the  jiurpoie  of  a  gauge  cock. 

The  o]>eraiiuii  will  be  understood  from  the  description  of  figure  No.  193. 
By  turning  the  handle  of  G  steam  is  admitted  into  B,  and  as  soon  ns  the 
air  is  expelled  from  ihi-  latter,  G  is  closed  and  F  opened  ;  tlie  ufiusion  of 
cold  water  (see  the  figure)  quickly  condenses  the  contained  vapor,  and 
bence  the  receiver  becomes  charged  with  water  by  the  pressure  of  the 
AUQOsphere  through  the  suction  pijie  A.  F  is  then  shut  and  G  opened, 
when  tlic  steam  issuing  from  the  boiler  displaces  the  wafer  from  the  re- 
ceiver, ar.J  having  no  other  way  to  escape  the  liquid  is  driven  up  the  pipe 
D  into  iho  reservoir  prepared  to  receive  it.  As  soon  be  all  the  water  is 
expelled  from  the  receiver,  (which  was  kn"W!i  by  applying  the  hand  to 
the  lower  part,  for  it  would  be  hot)  G  is  .»hut  and  F  agaui  op<3ned,  when 
the  operation  is  repeated  as  before. 

"  When  this  engine  begins  to  work  [says  .Sw  iuer]  you  may  raise  four  of 
the  receivers  full  in  one  minute,  which  is  fifty  two  gallons,  (less  the  quan- 
I'lies  drawn  iVora  F  for  the  purposes  of  condensation] — and^  at  that  rate  in 
<j  hour's  time  may  be  flung  up  3120  gallons.  The  prime  cost  of  suc^ 
m  engine  is  abo<it  fifty  pound,  as  I  myself  have  had  it  fr-im  the  ingrniouf 
author's  own  mouth.  It  must  be  noted  that  this  engine  is  but  a  small  one, 
in  comparison  of  many  others  of  this  kind  that  are  made  for  coal-works ; 
bu'.  this  is  Bunicient  for  any  reasonable  family,  s.nJ  o'her  uses  required  for 
it  in  watering  all  middling  gardens." 

Here  is  no  provision  made  to  reple>;Uh  the  boiler  with  \va»er  except 
through  the  tunnel :  hence  the  working  t  f  the  machine  had  to  be  stojiped, 
and  the  steam  within  the  boiler  allowed  to  escape,  before  a  fresh  supply 
could  be  admitted.  Under  such  circumstances  the  boilers  were  very 
liable  to  become  injured  by  the  fire  when  the  wuier  became  low.  They 
were  also  exposed  to  destruction  from  atiother  cause,  iho  forte  of  the 
steam;  for  they  had  no  safety-valves  to  rcgulnie  it,  and  hence  the  necessity 
jf  the  following  instructions:  "  When  you  have  rais'd  water  enough,  and 
you  design  to  leave  off  working  the  engine,  take  away  all  the  firt-  from 
under  the  boiler,  and  open  the  cock  [connected  to  the  tiniiielj  to  let  out 
the  steam,  which  would  otherwise,  was  it  to  remain  confin'd,  perhapii 
burst  the  mgine." 

Saverv,  from  his  profession,  was  aware  of  the  want  cf  an  improved 
mode  of  draining  mwies.  The  influence  of  the  u.seful  arts  in  enriching  a 
nation  was  then  oeginning  to  be  understood.  A  stimulus  was  imparled  to 
manufactures,  and  the  demand  for  coal  and  the  ores  of  England  rapidlv 
increased.  As  a  necessary  consequence  the  depth  of  the  mines  increased 
also;  and  hence  proprietors  became  anxious  to  possess  some  device  for 
clearing  them  of  water,  and  by  which  the  old,  inelRcient  and  excessively 
expensive  horse-gins  and  buckets  might  be  dispensed  with.  The  cost  of 
drainage  was  so  great  in  some  mines,  thnt  their  produce  hardly  cqtiriiled 
the  cost  of  working  them  :  in  one  mine  five  hundred  horses  were  constantly 
employed.  Numerous  novel  projects  had  been  tried  and  abatidoned  : 
what  they  were  we  are  not  informed,  but  ns  liamsoyeand  Worcester  and 
probably  others  had  proposed  Jire  machines  for  the  purpose,  steam  had 
probably  been  tried  in  some  way  or  other  and  had  failed.  Having  greatly 
improved  his  machine,  Savery  published  an  account  of  it,  illustrated  with 
engravings,  in  a  pamphlet  entitled  Tlie  JMiiin-'f  Friend  ;  or  a  Description 
of  an  Efigine  for  Raising  Wafer  by  Fire,  with  an  Answer  to  the  Objections 
against  it  London,  printed  for  S.  Crouch,  1702.  In  his  address  he  bea 
proprietors  not  to  let  the  failure  of  oth<T  plans  prejudice  them  against  the 
irial  of  his.   "  Its  power  [he  observes]  is  in  d  -natiner  iri'i"'»«  and  uiiliitiitedi 
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and  win  draw  yon  water  500  or  a  1000  feet  high,  'were  anj  p«t  !0  deep 
.....  I  dare  undertake  tliat  this  eii<^ine  shall  raise  you  as  much  water 
for  eight-pence,  as  will  cost  you  a  shtliins  to  rai^e  the  like  with  your  «li) 
endues."  The  oriirinal  figures  in  the  Miner's  Friend  were  inserted  is 
Harris's  Lexicon  Technicum,  in  1704,  and  copied  into  Switzer's  Hydro- 
statics in  1729,  and  by  Desnguliers  in  his  Experimental  Pitilosophy  in  1744, 
(which  works  are  liefore  us)  ami  iihseqiieiitly  into  almost  every  lre»)iw 
on  the  steam-engine.  No.  190  is  a  reduced  copy  :  the  figure  of  the  fit* 
man  is  un  addition. 
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A  detailed  description  of  this  elegant  apparatus  is  not  neceswrj,  vnet  j 
its  operation  will  be  understood  frona  the  explanation  of  the  two  preteding 
machines.  It  is  substanlinlly  (he  same  as  No,  193,  except  that  this  on« 
has  n/vi  boilers,  which  are  heated  by  separate  furniices,  G  H.  The  adJi 
lional  boi!or  G  was  designed  merely  to  supply  the  other  with  hot  wat«r, 
and  need  not  'herefore  divert  the  attention  of  the  reader  in  realizing  the 
working  of  the  easi-niial  parts.  The  upper  end  of  the  suction  pipe  Nhnvri. 
at  the  mouth  of  the  pit  consists  of  two  branches,  which  are  connected  to  I 
■imilar  branches  on  the  lower  part  of  the  forcing  pipe  N.  The  suciioi 
Valves  are  at  B  A,  and  the  forcing  ones  at  E   F,  all  openiug  upward* 
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Detween  these  valves  iwo  short  curved  tubes  connect  the  bottoms  of  the 
receivers  1  M  with  the  branches,  as  represented,  and  two  onlier  bent  tubes, 
P  Q,  unite  llie  top  of  tin-  receivers  with  the  boiler  H.  On  the  top  of  this 
ooiler,  and  forming  a  part  of  it.  is  a  stout  round  plate,  having  t^^'o  openings 
of  tiie  same  sire  as  the  bore  of  the  tul>es  lost  mentioned.  In  these  open- 
oigs  the  two  sieam  tubes  P  Q  terminate.  Between  the  openings,  and 
on  the  under  side  of  tlie  plate,  is  a  moveable  disk,  which  by  a  short  arm 
is  connected  lo  an  uxlc  and  moved  by  the  long  lever  shown  on  the  top  of 
tlie  boiler;  so  thut  by  moving  this  lever  tVie  disk  can  be  made  to  close 
either  opening,  so  as  to  admit  or  exclude  steam  from  tlie  receivers,  and 
answering  every  purpose  of  a  three-way  cock.  It  is  made  somewhat  on 
the  plan  of  the  one  in  No.  189,  page  421.  The  face  of  the  disk  is  ground 
smooth,  so  as  to  fit  close  to  the  under  side  of  the  plate,  against  which  it  is 
pressed  by  the  steani.  The  perpendicular  axle  by  which  the  disk  is  turned 
puses  through  the  plate,  and  llie  opcrin^  is  made  light  by  a  stuHing  box 
(The  plate  and  moveable  disk  are  represented  in  the  small  figure  at  the  top. 
one  of  the  oiK-nings  being  covered  by  the  disk  BikI  the  other  exposed.) 
A  small  cistern,  U,  is  piacfld  over  the  receivers,  and  kcjit  supplied  with 
cold  water  from  the  forcing  pipe  by  means  of  a  ball  cock.  viz.  a  cock 
that  is  opened  and  shut  by  a  ball  floating  in  the  cistern.  From  ihe  Viottom 
of  this  cistern  a  short  pipe,  T,  proceeds;  and  to  it  is  connected,  by  a  swivel 
joint  or  stuffing  box,  another  one  at  right  angles.  This  pipe  furnishes 
water  to  condense  the  steam  in  the  receivers,  over  both  of  which  it  can  be 
moved  by  the  rod  attached  lo  the  plug  of  the  cock  as  shown  in  the  figure. 
The  upper  cistern  denotes  tlie  place  where  the  water  raised  by  the  eng^ino 
is  to  be  discharged. 

A  communication  is  made  between  the  boilers  by  a  siphon  or  bent  tube, 
R,  whose  legs  extend  nearly  to  the  bottom  of  the  boilers.  In  the  leg 
within  the  small  boiler  is  a  valve  opening  upwaids,  which  permits  the 
water  of  G  lo  pa«8  into  H,  but  prevents  any  returning  from  the  latter. 
When  the  atlendanl  wishes  to  inject  into  H  a  fresh  supply  of  water,  lie 
increases  the  little  fire  kept  up  under  the  boiler  G,  (which  is  always  kepi 
supplied  with  water  by  the  pipe  S,)  and  as  soon  as  the  liquid  boils  and 
the  force  of  the  steam  exceeds  that  in  H,  tlie  contents  of  G,  both  steam 
and  hot  water,  are  forced  through  the  valve;  and  llius  H  is  kept  supplied 
without  the  action  of  the  machine  being  stopped.  Th*;  cock  on  the  pipe 
S  is  then  opened,  the  small  boiler  again  charged,  and  the  water  becomes 
gradually  heated  :  so  that  by  the  lime  it  is  wanted  in  the  other  boiler,  a 
small  addition  to  tlie  fuel  quickly  raises  its  temperature,  and  it  is  again 
forced  in  as  before. 

The  quantity  of  water  in  ihe  boilers  was  ascertained  l>y  gauge  corki. 
These  were  inserted  at  the  top,  (see  figure)  and  pipes  soldered  to  them 
descended  to  difTerenl  depths.  The  principal  boiler  had  two  of  these,  the 
otlior  hul  one. 

The  general  arrangement  of  this  engine  and  the  adaptation  of  its  vanoun 
parts  to  each  other  are  admirable,  and  could  hardly  be  improved.  The 
obviousiv  gocHJ  workmanship — the  improved  form  of  the  receivers — and 
the  connection  of  these  with  the  boilers  and  pipes,  and  the  latter  with  each 
other,  hy  roiipling  tcrewt,  thus  securing  easy  access  to  the  valves — are 
high.y  credit  ilile  to  Savery  and  the  workmen  he  employed.  Every  part 
was  made  of  the  best  materials.  The  cocks,  coupling  screws,  regulator, 
valves,  and  all  the  pipes  immediately  connected  with  them,  were  of  brass; 
while  the  boilers,  receivers  and  suction  pipeg  were  of"  the  best  hammered 
5i»pper,  of  sufTicient  thickness  to  sustain  the  force  of  the  workinfj  engine  ; 
nsimrt,  [continue*  the  inventor]  the  engine   is  so  narjrally  adapted   tc 
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porforin  what  i«  required,  thai,  even  those  of  the  most  onlinary  atij  medcett 
fapaoiiy  may  work  it  for  some  years  without  injury,  if  not  hired  o'  cm- 
j>loy'd  by  somo  base  person  on  purpose  lo  destroy  it ;" — that  is,  by  innt- 
tentiuii  or  design  to  permit  steam  to  accumulate  within  the  boilers  till  thcj 
were  burst,    .Some  device  to  prevent  this  was  wanting,  viz.  a  saf>»ly-viilve 
or  something  analogous  to  it;  and  it  is  astonishing  that  he  never  ihtiught 
oP  such  a  thing,  but  permitted  his  machine  for  lack  of  it  to  full  into  ii^ 
repute. 

The  miners  could   not  be  induced  to  adopt  it,  in  consequence  of  tH« 
danger  of  explosion.     "  Savery   [says   Desagulie.-s]   made   a  great  many 
experiments  to  bring  tliis  machine  U   perfection,   anii    did    erect   several, 
which  raised  water  very  well  for  gentlemen's  seats,  but  could  not  succeed 
for  mines,  or  supplying  towns  where  the  water  was  to  be  raised  tert/  high 
and  in  great  quantilies;   for  then  the  sti'aili   requTed   being  boiled  up  to 
such  a  strength,  as  to  lie  ready  to  tear  all  the  vessels  to  pieces.  ------ 

I  have  known  Captain  Savery  at  York's  Buildings  make  steam  8  or  10 
limes  stronger  than  common  nir;  and  then  its  heat  was  so  great,  that  it 
would  melt  common  solder,  and  its  strength  so  gieat  as  to  b.ow  open 
several  of  the  joints  of  his  mwchine;  so  that  he  was  forced  to  be  al  the 
pains  and  charge  lo  have  all  his  joints  soldered  With  spelter  or  hard  solder," 
Ex.  Philns.  ii,  467. 

There  has  been  much  discussion  respecting  the  origin  of  this  famouf 

engine;  some  writers  contending  that  it  was  wholly  Savery's  own,  nihcn 

f/fX/r-t/t     that  he  derived   it  from  one  of  Worcester's,  or  from  the  Century  of  In- 

f  ^    venrions.     Desaguliers  asserts  that  .Savery,  to  conceal  its  origin,  "  bright 

r7t4/N^        up  all  the  Marquis  of  Worcester's  books  that  he  could  purchase  in  Pater 

/     noster  Row,  and  elsewhere,  and  burn'd  'em  in  the  presence  of  tiie  g«-nlle- 

»rCiiiVt^  man  hia  friend,  wlio  told  me  this."    But  as  Savery  denied  being  indehtvj 

,  to  any  one  for  it,  and  as  he  was  certainly  a  man  of  great  mechanical  genius, 

^yr'fio       ''■  '3  proliable  that  the  doctor  was  imposed   upon   by  his  inlormant.     It  is 

not  likely  that  Savery  would  have  committed  such  an  act  in  the  presence 

of  a  witness,  when  there  was  not  only  no  necessity  for  one,  but  every 

possible  inducement  for  secrecy.     Many  years  before  the   pul>lica(ion  of 

this  charge  by  Desaguliers  (in  1744)  the  opinion  was   prevalent   that  the 

machine  was  not  orisrinal  with  Siivery.    In  1729  Switzer  remark*,  "olhen 

say  that  the  learned  Manpiis  of  Worcester,  in  his  Centiirv  r'f  Inventions. 

which  hook  I  have  not  seen,  gave  the  first  hint  for  this  raising  of  water." 

(Hydr.  325.)     Dr.  Hutton,  in  his  Math.  Diclioiiary,  asserts,  though  on  what 

authority  we  know  not,  thsi  Savery  knew  more  of  Moreland's  experlinenu 

than  he  was  willing  to  acknowledge;  and  Desaguliers  maintriins  that  b« 

invented  the  story  of  the  experiment  with  the  wme  flask  "  to  make  peopii) 

believe   that   he    had   not   got   the  idea  from   Worcester's  Century  of 

Inventions." 

In  reply  to  the  above  it  may  be  remarked,  that  independently  of  thort 
coincidences  of  thought  that  always  have  and  will  happen  to  inventori, 
there  are  circumstances  which  strongly  corroborate  Savery 'g  own  account 
In  the  first  place,  the  exi)eriment  with  the  wine  flask  was  one  very  likely 
to  occur  in  the  manner  he  has  mentioned,  and  to  a  mind  like  hi»  would 
naturally  lead  to  a  practical  itpplication  of  it.  His  thoughts,  we  ore  told. 
"  were  always  employed  in  hydrostatics  or  hyilranlics,  or  in  the  improve- 
nient  of  water-works."  Then  there  is  no  evidence  that  ho  was  much  of 
a  reader :  had  he  been  conversant  with  books,  he  would  not  have  pron««i'd 
the  propulsion  of  vessels  with  paddle-wheels  as  new.  Tlieie  occurred  >(■ 
him  as  they  have  done  lo  thousands  in  every  age  when  devising  nii>ansia 
increase  the  speed  of  boats;  and  so  it  may  have  been  with  his  stetin  m* 
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chine ;  a  device  like  it  would  naturally  be  the  result  of  tlie  txtieininciit 
^rilh  the  wine  riaik,  and  even  without  it,  when  his  llioughls  wi-re  once 
directed  to  raising  wafer  \iy  steam.  Mnn-ovcr,  Savery  was  ignorurit  >•( 
the  safety-valve,  tlie  very  thing  wanted  to  remove  tlie  most  forniidahk 
«it»jectioi>  to  liis  machine;  and  yet,  aa  we  have  shown,  he  might  have 
fniind  it  in  some  popular  works  on  chemistry  and  distillation, — besides 
which,  Papin's  improved  application  of  it  Irad  been  published  several 
ve«rs.  (The  single  machine  figured  No.  194  was  erected  by  Savery 
himself  as  late  as  1711  or  '12,  and  it  had  no  safety-valve.) 

But  whether  he  derived  the  hint  from  Worcester  or  not,  he  is  entitled 
lo  all  the  honor  he  has  received.  He  was  the  first  efl'ectually  to  introduce 
the  device,  and  the  Brst  to  publish  a  description  of  it  in  detail.  He  con- 
cealed nothing,  but,  like  a  sensible  and  practical  man,  explained  (he  whole, 
and  left  it  to  its  own  merits.  No  one's  claims  to  a  place  in  the  history  of 
the  steam-engine  were  better  earned,  whether  he  be  considered  the  rein 
Tentor,  or  improver  only  of  Worcester's  6Sth  proposition  There  are 
several  points  of  resemblance  in  the  characters  of  Savery  and  Oliver  Evans. 
Bytlieir  energy  and  indomitable  perseverance  they  Jirrred  their  inventions 
into  public  notice  in  spite  of  public  apathy,  and  so  worked  their  way  into 
the  temple  of  honorable  fane.  Both  published  curious  pamphlets,  that 
will  preserve  their  names  and  inventions  from  oblivion. 

But  Savery's  steam-engine  does  not  belong  to  the  same  family  as  the 
modern  one,  nor  can  he  be  said  to  have  contributed  to  the  invention  of  the 
latter,  except  so  far  as  making  his  contemporaries  more  familiar  with  the 
mechanical  properties  of  aciueous  vapor.  'Tis  tnie  he  employed  this  fluid 
in  close  vessels,  and  so  far  he  succeeded  ;  but  his  ideas  seem  to  have  been 
wholly  confined  to  its  application  to  raise  water,  and  in  the  nr.csl  direct 
Tnarncr — hence  he  never  thought  of/tiilfjtu.  Had  he  turned  his  attention  to 
impart  motion  to  one  of  these,  he  would  have  left  little  fur  his  successors 
lo  d</ ;  but  as  it  was,  he  did  not  lead  engineers  any  nearer  to  tlie  piston 
enif  ne.  He  proposed  to  propel  machinery  by  discharging  the  water  he 
;&.'ied  upon  an  over.=hot  wheel;  hence  his  patent  was  "  for  raising  water, 
ind  occasioning  motion  to  all  sorts  of  mill  work."  But  this  was  olniously 
in  afterthought,  an  accidental  result,  rather  than  one  originally  designed 
t,r  looked  (or.  A  piston  and  cylinder  only  could  have  given  his  machine 
ft  permanent  place  in  the  arts,  either  as  a  hydraulic  or  a  motive  one.  He 
accomplished  almost  all  that  could  be  realized  without  them.  The  isosl 
■plendid  laltt.ts  of  the  present  times  could  have  done  little  more.  Papln 
abandoned  the  piston  and  cylinder,  and  in  doing  so  quenched  a  halo  of 
plory  tnat  would  havo  shone  round  hia  name  for  ever  ;  and  Savery,  for 
vruit  of  them,  notwithstanding  his  ingenuity,  perseverance  and  narfial 
success,  lived  to  see  his  device  in  a  great  measure  laid  a<tide.  Savery 
died  about  the  year  IT  16. 

As  Savery's  engins  be'-ame  known,  several  additions  lo  and  modifica- 
tions of  it  were  proposed.      A  few  of  these  may  be  noticed  : — 

It::.  Desagulicrs  and  Gravesande,  from  some  experiments,  concluded 
tha:  single  engines  were  more  economical  than  double  ones — a  single 
receiver  being  "  emptied  three  times  whilst  two  succeeiiing  ones  [of  a 
double  engine]  could  be  emptied  but  once  a  piere."  Of  single  engines 
Desafuliirs  erected  seven  between  the  years  1717  and  1741.  "The  ."irst 
was  for  the  late  Czar.  Peter  I,  for  his  ganlen  at  Petersbiirgh,  where  it 
was  set  up  The  boiler  of  this  enirine  was  spherical,  (as  they  must  e'.I  be 
in  this  way.  when  the  :leam  is  much  stronger  than  air)  and  held  iH-tween 
live  and  SIX  hogsheads ;  and  the  receiver  held  one  hogshead,  and  was 
6iied  and  empr.cd  four  Utucg  in  a  tniiiute.     The  water  was  dniwn  un  h> 
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tm>-l>tm  or  tlie  pressure  of  the  atmospbere  29  feeC  \a^k,  ool  of  a  veil,  i--. 
thi*n  prest»«>d  tip  II  feet  higher.  Aaotber  engine  of  diu  »orl  whirh  I  • 
up  tor  a  frienii  atmut  fi»-e  atifl  twenty  year*  ago,  [I719J  drew  ap  ■ 
29  feet  from  ihe  well,  anJ  then  it  waa  forced  op  by  the  preM<:- 
*team  24  feet  higher,"  &c.  Bat  these  "  unproved  "  eoginea  dilfere^  ii 
reality  but  little  from  Savery's  single  one.  No.  194.  Desaguiiers  fiiraiifcui 
his  Imiler  with  Papin's  steelyard  catiKy-valve;  a  three-way  cock  alleraMeii 
■Jmittcd  steam  into  the  receiver  and  water  from  the  forcing  pipe  ucoa- 
dense  it :  in  other  respects  the  engines  were  nittch  the  same.  Sawrj 
majle  no  provision  to  secure  his  boilers  from  being  expluded;  but  tie 
safety-valve  was  not  always  a  preventive  in  former  litrws,  any  morvlku 
at  (ireseiil.  "  About  three  years  ago  [says  Desaguliers]  a  otafl  wiw  vm 
entirely  ignorant  of  the  nature  of  the  engine,  and  without  any  inslnteUMl, 
undertook  to  work  it;  and  having  hung  the  weight  al  the  &rtiier  *od  of 
the  steel-yard,  in  order  to  collect  more  steam  to  make  his  Mrork  »He  »Tii^er, 
he  hang  also  a  very  heavy  plumber's  iron  upon  the  end  of  '■  oi- 

the  consequence  prov'd  fatal,  for  after  some  time  the  steam, 
with  the  safety-clack  to  raise  up  the   steel-yard  loacjedwu' 
aual  weight,  btintt  the  boiler  with  a  great  explosion,  and    kir   i 
man."      Exp.  Philos.  ii,  4S9. 

In  a  double  engine  by  Leop<iId.  A.  D.  1720,  the  receivers  were  pland 
lielow  the  water  thc-y  were  to  raise :  hence  the  principle  of  condensalMm 
was  not  required — for  as  soon  as  the  steam  ex|>cllcd  the  contents  of  a  r»- 
rteiver,  a  communication  was  opened  between  the  upper  part  uf  iJie  baei 
itiiij  the  atmosphere,  so  as  to  allow  the  steam  to  e3ca|>e  and  a  fresh  Mpph 
of  waUT  to  enter  below.  He  produced  a  rotary  movement  by  dischareim 
ihif  water  into  the  buckets  of  a  water- wheeL 

VVht-n  steam  is  admitted  into  a  receiver,  a  portion  is  imme<Iiale1v  OM 
denied  by  the  low  temperature  of  the  vessel  and  the  cold  water  withtti; 
so  rhat  not  till  a  film  or  thin  stratnm  of  hot  water  is  thus  formed  on  tlie 
jurface,  can  the  full  force  of  the  vapor  be  exerted  in  expellitiff  the  c«>ntenU. 
This  wast>^  of  steam  is  not  however  so  great  as  might  be  imagir>ed,  because 
Ihe  water  with  which  it  comes  in  contact  still  remains  on  the  surlacf, 
having  become  lighter  than  the  mass  below  by  the  accession  of  heat,  aiid 
eonsfijiiently  preventing  the  heat  from  descending :  yet  various  attempt! 
were  made  to  interpose  some  non-conducting  substance  between  the  steiiB 
anil  the  water.  Papin,  as  we  have  seen,  used  a  floating  piston.  In  17M. 
Mr.  Blakey,  an  enterprising  English  mechanic,  took  out  a  patent  for  iIm 
application  of  a  stratum  of  oil  or  air.  To  use  these  he  made  son;e  cortv*- 
ponding  alterations  in  the  receiver;  but  the  advaritages  were  not  so  great 
as  liad  been  expected.  Blnkey  also  introduced  a  new  boiler,  consisting 
of  tu^les  or  cylmders  completely  filled  with  water  ar;d  imbedded  in  the 
"fire.  It  caused  considerable  excitement  among  scientific  men,  but  the 
danger  arising  from  them,  and  the  explosion  of  one  nr  more,  caused  them 
to  be  laid  a-siJe.  He  spent  several  years  in  France,  where  he  erected 
some  of  liis  engines.  He  wrote  on  several  sulijects  connected  wlih  the 
arts.  There  is  a  copious  and  interesting  extract  from  his  Dissertation  on 
the  Invention  and  Progress  of  Fire  Machinery,  in  the  Gentlemen's  Maga- 
eine  lor  1702,  pajre  502. 

Other  modiHcHtions  of  Savery's  engine  were  made  previous  to  and 
aboot  Bl:ikey's  time,  of  which  no  particular  accounts  arc  now  exraiit.  In 
his  Comparisons  of  French  and  English  Arts,  (article  Horology)  Cidkr?^ 
Bays,  "About  174S  another  Swiss,  named  Riratz,  a[tpeared  in  Paris; 
he  understood  all  the  known  prin<''.ipies  and  methods  (^>r  r«sulat>ng  timeiA 
'•jual  [v»rts,  ».o  which  he  added  others  of  his  invt.-ntion.  -.---.    Atwl  I 
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tan  say  wi'houl   p-etecc.ng  to   prejudice   any  one's  merit,  that  I  never 
mcl  vrilli  any  Fn-iich  or  English   man   who    haJ    so   much    ingenuity  and 
knowledge  in  rr.C'-.Laiiical,  hydraulic,  ^r«  macliincry  prtncf>ies,  &c.  as  Ri 
rntz."  (Gent.  Mag.  1702,  page  404.) 

In  1734  M.  Gensanne,  a  French  gentleman,  made  some  improvements 
on  Savery's  engine,  and  by  additional  mechanism  rendered  it  *ejf-acting. 
The  alternate  descent  of  two  vessels  of  water  opened  and  closed  the 
corks,  on  much  the  same  principle  as  that  exhibited  in  Fludd's  pressure 
engine,  page  354.  (Machines  Approuvees,  tome  vii,  222.)  In  1740  M. 
De  Mourn,  a  Portuguese,  accomplished  the  sam^  thing  by  the  accent  and 
descent  of  a  copper-ball  or  float  wiihiu  the  receiver;  but  the  device  was 
Xjao  complicated  fur  practical  purposes.  Il  is  figured  and  described  by 
Smeaton  in  the  Philosophical  Transactions,  vol.  xlvii,  437,  in  the  Supple- 
ment to  Harris's  Dictionary  of  the  Arts,  and  in  other  English  works.  In 
1766,  Cambray  de  Rigny,  an  Italian,  made  some  additions  to  Savery's 
eno-ine  so  as  tn  make  it  in  a  gn^at  measure  independent  of  manual  assistance. 
Piofe.isor  Francoi.*,  of  Lausanne,  having  been  oonculted  respecting  the 
draintng  of  an  extensive  marsh  between  the  lakes  Ncuchatel,  liionne  and 
Moraf,  adopted  a  fire  engine  on  Savery's  plan,  and  which  he  made  self- 
acting  by  a  more  simple  device  than  either  of  the  preceding.  A  descrip- 
tinti  and  good  figure  of  his  machine  may  be  seen  in  the  fourth  volume  of 
the  Repertory  of  Arts,  (1794)  page  203.  Nuncarrow's  improvement  on 
Saverv's  is  de.scribed  in  the  American  Phil.  Transactions,  vol.  i,  209,  in 
Tillocn's  Phil.  Mag.  vol.  ix,  300,  and  in  Galloway's  History  of  the  Steam- 
Engine.  An  Engfish  patent  was  issuexi  in  1S05  to  James  Boaz.  and  aii 
other  in  1819  to  Mr.  Pontilijx,  both  for  improvements  on  Savory's  engine. 
For  further  information  see  the  Repertory  of  Arts,   Nicholson's   Jou-nal, 

.  Vol.  i,  419.  aiid  the  Journal  of  the  Franklin  Institute. 

^■P  A  corniiiodiims  way  of  substituting  the   action   of  fire  instead  of  the 

^^^e  of  men  and  horses  to  move  machines,"  was  proposed  in  1G99,  by  M. 

'  Amonton.s,  one  of  the  earliest  and  most  useful  members  of  the  French 
Academy  of  Sciences.  He  named  his  machine  (J _^re  wi;7/.  It  resembled 
a  large  wheel,  supported  on  a  horizontal  axis,  but  was  composed  of  two 
concentric  h(/llow  rings,  each  of  which  was  divided  by  partitions  into  a 
dozen  separate  cells.  The  small  or  interior  ring  was  at  a  considerable 
distance  from  the  axis,  and  the  cells  communicated  with  each  other  through 
openings  made  in  the  partitions  and  covered  by  valves  or  clacks.  The 
cells  of  the  exterior  rings  had  no  communication  with  each  other,  but  a 
pi|)e  from  each  connected  them  with  the  inner  ones.  The  outer  cells 
contained  air,  and  about  one  half  of  the  inner  ones  contained  water.  The 
object  was  to  keep  this  water  always  on  one  side,  that  its  weisrht  might 
act  tangentially,  and  so  cause  the  wheel  to  revolve,  and  the  marhine  con- 
nected to  it.  A  furnace  was  built  close  to  a  portion  of  the  periphery,  and 
the  lower  part  of  the  wheel  was  immersed  in  water,  to  •  depth  equal  to 
that  of  the  exterior  cells.  When  the  fire  w-os  kindled,  the  air  in  the  cell 
kgainst  which  the  flame  im[>inged  became  rarefied,  and,  by  means  of  a 
pipe  commuincaling  with  an  inner  cell  brloiB  the  axle,  forced  the  water 
contained  in  that  cell  into  an  vpjter  one.  This  caused  that  side  of  liie  wheel 
to  preponderate,  which  brought  another  air  cell  in  contact  with  the  fire, 
and  the  fliii<l  becoming  expanded  by  the  heat  forced  up  the  contents  of 
another  of  the  inner  cells  into  a  higher  one.  as  before  :  in  (his  way  every 
part  of  the  periphery  of  the  wheel  was  brought  in  succession  in  contact 
with  the  fire,  and  the  water  in  the  inner  cells  kept  constantly  rising  on 
one  ctile  of  the  wheel,  thus  causing  the  latter  Xo  tevolve.     The  air  in  thiv 
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outer  cpIU  WTis  cooled  as  they  passed   through   the   water   in  which  A» 
lower  pan  of  the  wheel  ili|>|iecl. 

This  device  of  Amontons  is  rather  an  air  thiu.  a  steam  machine.  It 
hardly  belongs  to  this  part  of  our  subject;  bu..  as  it  may  be  considered 
tlie  type  of  most  of  the  steara  "vLjfcls  subsequently  brought  forward,  we 
have  been  induced  to  nolicn  ic  .lere.  As  a  iheoreticai  device,  ir  is  highly 
meritorious,  but  as  a  practical  ors,  oi*  little  value.  There  is  in  Murtyiiuiil 
Chambers's  abridged  Histor*  of  the  Academy  of  Sciences  at  Paris.  Loiwi 
1742,  a  full  account  of  tjiis  wheel,  sod  of  tne  experiments  from  which  u 
was  deduced.     (See  vol.  i,  6!>.)     It  was  simplified  by  Leopold. 

Towards  the  close  of  the  17th  cer.tury  there  lived  ic  Dartmouth,  a  aratlt 
Buaport  town  on  the  English  channel,  two  mechanics  who  combined  ti  ;M| 
energies  to  devise  a  machine  for  raising  w  jr^r  by  mean;  of  steam.  ThcW 
names  were  Thomas  Newcomen  and  John  C'awiey  ;  the  first  a  blatksmi'h, 
but  sometimes  called  an  ironmonger,  the  latter  a  plumber  and  glazier. 
The  circumstances  that  led  ihem  to  the  subject  have  not  l>een  recorded, 
nor  have  the  particular  contributions  of  each  been  speci^ed.  Their  efforti 
were  however  eminently  successful,  for  to  them  belongs  the  honor  of 
liaving  pernfianently  established  the  employment  of  steam  as  a  nierha;-cal 
agent.  The  date  of  the  commencement  uf  '.heir  efforts  is  unknown,  but 
from  the  observaiion  of  a  contemporary  w.-iter  it  seems  to  have  be«n  u 
early  as  the  first  attempts  of  .'savery. 

The  principal  objection  of  miners  to  Savory's  machine,  viz.  :he  enor 
mous  force  of  the  steam  rcfjiiired,  and  the  consequent  frequent  e«pi>»i(in 
of  the  boilers.  See.  was  completely  avoided  by  Newcomen  and  Cawley; 
fur  they  used  steam  of  little  or  no  greater  force  than  conks  do  in  cominnii 
cauldrons — hence  it  could  never  explode  a  boiler  or  endanger  human  life. 
iSavery's  engine  had  other  disadvantages.  It  was  required  to  be  placed 
wilhin  a  mine  or  pit,  and  in  no  case  farther  from  the  bottom  than  25  or  30 
feet ;  whereas  Newcomen  and  Cawley's  was  erected  on  the  surface,  neir 
the  mouth  of  the  shafl.  Moreover,  m  those  mines  which  were  nrevt- 
ously  drained  by  pumps,  it  could  be  used  to  work  these  as  tjcfore,  without 
any  additional  cos^  'ir  new  pipes  and  pumps;  the  engine  in  such  rases  merely 
superseding  the  ho,  ies  and  their  attendants.  Instead  of  applying  jteiin 
like  Snvery  ilireclhj  to  the  water  to  be  raised,  these  mechanics  made  lU* 
of  it  to  give  motion  to  a  piston  and  vibrating  beam,  and  through  these  to 
commiin  (>nmp  rods;  hence  the  device  may  be  considered  rather  for  im- 
parling motion  to  machines  proper  for  raising  water,  than  us  one  of  th« 
latter. 

It  \-i  in  evidence  that  Newcomen  had  some  correspondence  respecting 
his  machine  with  Dr.  Hooke,  and  that  he  was  acquainted  with  what  Pupiii 
had  previously  done.  This  however  might  very  well  consist  with  tli« 
idea  of  giving  motion  to  a  ■piitun  originating  with  himself  or  partner;  yet 
oA  their  labors  were  subsequent  to  those  of  the  French  philosopher,  tLrir 
claims  to  it,  if  they  ever  made  any,  could  not  be  sustained.  Their  machine 
in  its  essential  features  is  a  copy  of  Guerricke's,  and  the  mode  of  producing 
a  vacuum  under  the  piston  similar  to  Pnpin's;  but  as  Pnpin  did  not  suc- 
ceed, the  reiiurodiiction  of  a  device  similar  to  his,  and  its  successful  appli 
cation  to  the  important  purpose  of  draining  mines,  belong  wholly  tolhrm; 
and  the  merit  of  doing  this  was  certainly  much  greater  than  can  ever  be 
cloirnt^d  for  the  abortion  of  Papin.  Fulton  dul  not  invent  steam  lost*, 
but  he  was  the  first  to  demonstrate  their  utility  and  to  introduce  thei  i  iiilii 
use  here  after  they  had  been  tried  and  abandoned  in  Europe. 

It  sliould  not  be  supposed  that  the  piston  engine  would  not  ha»e  li»»n 
.'ealized  at  the  close  of  the  17th  or  beginning  of  the  18th  century,  if  Ptpi* 
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i  Tfcwcor  en  had  not  lived.  The  spirit  of  inquiry  that  \»  m  ahruail  it 
ir  days,  and  the  number  of  ingenious  men  enea!»ed  in  devising  mpanii 
empluy  «team  as  a  motive  agent,  would  aftaiircdly  have  soon  brought  it 
o  use.  Indeed,  every  improvement  in  the  application  of  stram  seems 
have  been  always  perceived  by  tome  contem^iorary  projectors,  among 
lom  the  contest  of  maturing  it  was,  as  in  a  race,  one  of  speed.  "  Wait 
laerves  Prof.  Renwick]  found  a  competitor  in  Gaini<boroug4i,  and  but  a 
tr  weeks  would  have  placed  Stevens  on  the  very  eminence  where  Fulton 
vk'  stands."  The  circumstances  of  the  times,  the  increase  of  English 
afactures,  and  the  general  want  of  some  sulistiiuie  for  animal  Islnir, 
•re  all  then  favorable  to  the  introduction  of  the  steam-engine.  "  Had 
mines  of  Cornwall  been  siill  wrousfht  near  the  surface,  SaveryorNew- 
ten  would  hardly  have  found  a  vent  for  their  engines.  Had  nr'  he 
mufacturcrs  of  England  been  wanting  in  labor-saving  machinery,  'h» 
lublc-aciing  engine  of  Watt  would  have  been  suited  to  no  useful  »ppi. 
tioo.  A  very  lew  years  earlier  thB^  the  voyage  of  Fultcn  [to  Albany) 
e  Hudson  could  not  have  furoi«hed  trade  ur  travel  to  support  a  sieain 
i*t,  arid  the  Mississip|M  was  iu  possession  of  dispersed  hirdes  if  sava^'^i." 


^^  Nu.  UHl.    Nrwcotticu  mill  CaKlry**  Eogioe.    A.  D.  170S. 

^^kc  above  figure  will  sufficiently  explain  the  principles  and  ofieratioa 
^Bewcomen  and  Cuwley's  first  eii>nnc ;  and,  when  compared  with  thoMt 
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ilreaJy  noticed,  will  enable  the  reader  to  do  justice  to  all  concerned.  U 
will  lie  pcrcclveiJ  that  aUhough  steam  is  an  essential  agent,  it  is  not  the 
primuia  lauhilc  of  llie  apparatus :  the  pressure  of  (he  atmosphere  i*  tiic 
first  mover,  and  to  excite  this  only  was  steam  employed. 

A,  in  the  figure,  (No.  196)  represents  a  vibrating  beam  with  arubed 
ends  or  sectors,  from  one  of  which  the  main  pump  rod  is  suspended  by  i 
chain.  This  roil  descends  into  the  mine  or  pit,  and  is  connected  to  u 
many  other  rodb  as  tliRre  are  pumps  to  be  worked.  A  counterpoise  nr 
heavy  weight  in  is  fixed  to  the  rod,  so  as  tu  depress  't  and  raise  the  otiier 
end  of  the  beam  in  the  position  represented,  a,  the  aloam  cylinder,  open 
at  tup,  its  sides  being  surrounded  by  another,  and  the  space  between  tlicia 
coi.taining  water,  r,  the  piston  rou  and  piston,  attached  to  the  l>eam  by 
a  chain,  b,  the  boiler,  c,  gauge  coclc.  N,  safety  valve  witi;  weigliu 
placed  directly  upon  it.  d,  a  ccek  to  admit  steam  into  the  cylinder.  (,  s 
pipe  and  cock  to  convey  the  water  round  a,  into  the  well  or  lank  n.  /,  4 
pipe  and  cock  to  supply  cold  water  to  condense  steam  in  the  cylinder.  1^ 
another  pipe  and  cock  to  furnish  occasionall^y  a  httle  water  to  the  uppei 
aide  of  the  piston,  to  prevent  air  from  passing  between  the  packing  ai '. 
sides  of  the  cylinder :  this  water  was  kept  at  the  depth  of  about  two  inches 
t  t,  a.  pipe  proceeding  from  one  of  the  pumpa  in  the  pit  to  supplv  the  smtl\ 
£ist<!rn  with  water,  p,  a  pipe  to  convey  the  steam  condensed  within  a 
into  the  tank  o.     w  the  ash  pit.     x  x,  flues  round  the  boiler. 

Fire  being  applied  to  the  boiler  and  steam  "generated,  the  cock  d  s 
opened  and  the  cylinder  filled  with  steam,  provision  being  made  for  the 
escape  of  the  air  previously  within,  d  is  then  closed  and  j'  opened,  by 
which  cold  vvaier  from  the  cistern  Is  admitted  to  flow  round  a;  this  coQ' 
denscs  the  vapor  within,  and  a  vacuum  being  ihus  formed  under  the  piston, 
the  latter  is  puslicd  down  by  the  atinosphere  :  conseejuently  the  opposite 
end  of  tno  beam  is  raised,  and  with  it  the  pump  rods  and  the  load  ol  water 
with  which  they  are  burthened.  J"  is  now  closed  and  d  again  opened 
when  tiie  counterpoise  m  preponderates,  the  piston  is  raised,  the  cylindw 
again  tilled  with  steam,  and  the  operatii)n  repeated.  But  previmii  to  the 
aJmissl/'n  of  vapor  the  second  time  into  the  cylinder,  the  cocky  is  cln*ed 
Aad  the  (Mie  on  pipe  e  opened,  to  allow  the  water  between  the  cylinders 
lO  escape  into  the  tank  o,  this  water  having  become  heated  by  its  conttct 
with  a.  As  soon  as  the  cylinder  is  charged  anew  with  steam,  a  freiL 
supply  of  cold  water  to  co'idense  it  is  admitted  by  again  opening_/! 

The  arauunt  of  force  thus  excited  depends  upon  the  diameter  of  the 
cylinder  a,  or  the  area  of  its  piston,  and  the  state  of  the  vacuum  made 
under  the  latter.  The  dimensions  of  a  must  therefore  be  proportioiitd  to 
the  resistance  to  be  overcome — to  the  (quantity  of  water  to  be  raised  froit 
a  mine,  and  the  height  at  which  it  Is  to  bo  discharged — and  to  render  m 
engine  of  the  kind  effective,  the  whole  of  the  steam  in  a  should  ijc  cun- 
densed,  and  as  quickly  as  possible.  These  conditions  were  not  very  well 
fulfilled  by  the  apparatus  as  figured  above.  Time  \vas  required  for 
the  cold  water  between  the  cylinders  to  extend  its  'ifluence  from  the  cir- 
cumference to  the  centre  of  the  inner  one,  in  order  completely  to  condense 
the  vapor ;  hence  the  movements  were  extremely  slow,  the  strokes  seldom 
exceeding  seven  or  eight  per  minute.  An  accidental  circumstance  pointed 
out  ttie  remedy,  and  greatly  increased  the  effect.  As  the  engine  was  a: 
worli ,  the  attenUiinls  were  one  day  surprised  to  see  it  make  several  strokes 
much  ([iiicker  than  usual ;  and  upon  searching  for  the  cau-<ij,  thev  found 
say*  Deaaguliers,  "  a  hole  in  the  piston  which  let  the  cold  water  Ikejit 
upon  the  piston  Lo  prevent  the  entrance  of  air  at  the  packing]  into  "he  owari 
Ol   the  cylinder."     Th;  water  falling  through  the  steam  condensed  it  ~ 
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inslaiit<incou«1v,   anJ  produced  a  vacuum  with  far  less  water  itian 

«n  applied  So  tttc  exterior  ol'  the  cylinder.      Tliis    led    Newomen   to 

Bove  the  outer  cylinder,  nnd  to  insert  the  lower  end  of"  the  J'ipe  _/'  into 

bottom  of  a,   to  thnt  on  opening  the  cock  J"  a  jet  of  cold  wiiler  \va« 

l>jt«<.-t«'d  through  the  vapor.      This  tieaulilul   device  is  the  origin   of  the 

ction  pip*  stiil  used  in  low-pressure  engines. 
'Newcomcn  and  Cawley's  engine,  as  figured  page  465,  was  improved  in 
li  parrs  in  2712,  and  soon  after  adopted  as  a  hydraulic  machine  fo( 
Hing  the  coal  and  iron  mines  in  various  parts  of  Euro])e.  Very 
[>nite  engravings  of  some  used  in  French  mines  may  be  seen  in  tlie 
[io  edition  of  Arts  et  Metiers.  See  also  Desaguliers' £)x.  Philos.  vol.  ii, 
(1  Switzer's  Hydrostatics.  y 

The  application  of  sectors  and  chains  to  pump  rods  did  not  originate  with  Jf  t 
lewcomen.  They  are  figured  by  Moxon,  arid  were  prooably  employed 
working  pumps  in  mines  previous  to  the  invention  of  the  steam-engine. 
We  have  often  thought  the  heaviest  charge  against  Savery  was  to  be 
in  his  conduct  towards  Newcomen  and  Cawlcy.  Their  machine 
1  essentially  oiffer^nt  fr.im  his  in  its  prfnci|ilf,  construction  and  mode 
[action,  yet  he  insisted  that  it  was  an  infringement  >ipon  his  nalent.  He 
Iployed  the  pressure  of  the  atmosphere  in  charging  his  receivers,  by 
ndensing  with  cold  water  the  steam  within  t)iem.  So  far  as  rt-gnrds 
mode  of  forming  a  vacuum,  (he  in  his  receivers  and  they  beiieulh  a 
iton)  there  is  a  resemblance  i)etween  the  two  machines,  bm  no  farther; 
tl.i.<  plan  of  making  a  vacuum  was  not  original  with  him  anv  more 
n  with  them.     It  was  no  more  a  new  device  in  his  time  than  his  puddle 


ibeels  were.    The  object  of  Newcomen  and  Cawley  in  fornkng  a  vacuum 
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Boity,  but  envployed  it  solely  to  excite  tKtTnres^fe  of"tEealgioaji]icre 
on  ll;e  uf)pg'''  «'oc  ol  a  piston,  m  order  lo  impartriTotipp  to  cpmmnn 
71  ;>  niit?!  "Again,  he  useil  the  expansive  force  of  liigfTsteam  :  this  was 
prominent  feature  in  his  macliiiic,  and  the  great  power  that  gave  eifi- 
Bncy  to  it ;  but  they  did  not  use  this  |>ower  at  all.  The  weight  of  the 
»f«»mal  air,  not  the  expansive  (iirrre  of  steam,  was  ihe  primuni  mobile  in 
their  m.-ichlne,  and  it  was  brought  into  action  by  the  vapor  qf  water  at  the 
ordinai'y  boiling  point.ov^-^"   *-«/ <*->^"   >•    /^i--  >■<»     /A  a-.*.-  . 

But  as  thcj'  formed  a  vacuum  in  their  cylinder  by  the  condensation  of 
Ueam,  he  insisted  on  having  a  share  in  ,their  patent !  The  fart  was  his 
■tchities  had  become  in  a  great  measure  laid  aside,  and  he  doubtless  |>er- 
ived  that  they  were  destined  to  be  wholly  superseded.  Desaguliers 
I  1744)  observes  that  the  progress  and  improvement  of  the  fire  engine 
are  stopped  by  the  difficulties  and  dangers  attending  it,  till  Newcomen 
and  Cawley  "  brought  it  to  the  present  form,  in  which  it  is  now  used,  and 
has  been  near  these  thirty  years."  Unless  his  name  was  included  as  s 
joint  patentee,  Savery  threatened  an  nppeal  to  the  law;  and  it  is  said  his 
influence  at  court,  as  commissioner  for  the  sick  and  wounded,  gave  weight 
to  this  ungenerous  and  unjust  demand.  Newcomen  we  are  informed  was 
a  Quaker,  or  like  Cawley  a  Baptist,  and  therefore  on  principle  averse  to 
leg-al  controversy  :  he  was  moreover  a  man  of  "  a  great  deal  of  modesty," 
and  »«J  yielded  the  point.  The  patent  was  consefjuently  issued  (in  170.5) 
•'  to  Thomas  Newcomen  and  John  Cawley  of  Dartmouth,  and  Thomas 
Savery  of  London." 

Another  point  has  been  generally  overlooked  :  so  far  from  Newcomen'* 
machine  being  an  itifringemcnt  or  improvement  upon  Savery's,  it  was  really 
invented  as  early  if  not  earlier  tlijii  the  latter.  Switier  (Savery's  friend) 
•ays,  "  it  [Nswcomen's  engine]  is  indeed  generally  said  to  be  an  improve 
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men:  to  Savervs  engine,  but  / am  wcU  •n/orm'il  that  Mr.  Newcomen  mtm 
as  early  in  his  invention,  »»  Mr.  Savery  \vh»  in  his,  oniy  the  latter  bein^ 
nearer  the  court,  haj  obtain'd  his  patent  before  the  other  knew  of  it  j 
which  fi^Cvunt  Mr.  Newcomen  was  glM-1  to  come  in  as  a  partner  to  il" 
(Hvtlrostat.cs,  342.)     That  is,  as  a  partner  to  his  own  invention. 

To  Newconien  and  his  associate  belongs  the  honor  of  laying  the  focmi- 
ation  for  the  modern  engine.  The  piston  engine  of  Worcester  had  b«?a 
forgotten,  Papin's  was  an  abortion,  and  Sarery  probably  never  thought  of 
one ;  hence,  whether  the  Da-tmouth  mechanicians  were  aware  of  its  pro 
vious  employment  or  not,  to  them  a  large  share  <<f  merit  is  jnsflv  Jue. 
They  were  moreover  amiable  and  unassuming  in  their  manners,  and  setm 
to  have  passed  through  life  without  exciting  much  of  that  envy  th-it  em- 
bitters more  or  less  the  nights  and  dnys  of  su<jeessful  inventors.  Froia 
such  men,  who  can  withhold  expressions  of  approbation  and  e«teen;  I  lltA 
thev  been  members  of  the  Roman  church,  they  should  have  l>een  canonized 
—could  we  believe  in  the  efficacy  of  pravers  for  the  dead,  we  would  havff 
mE.sses  performed  for  the  repose  of  their  spirits — and  tad  we  the  cower, 
every  contributor  to  useful  mechanism  should  be  commemo':^tod  !*y  ar 
apotheosis. 

Cawley  died  in  1717,  but  the  date  of  Newcsriej't  ds^siM  !ias  not 
been  ascertaini^J 
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Newcomen  and  Cawley's  engines  were  found  to  answer  the  purpow 
of  raising   water   so   well,   that  in  a  few  years  they  were  irtioduced  into 
Russiri.  .Sweden,  France  and  Hiitigiiry  ;  and  about  1730,  one  wa»  imiKirted 
by  ihe  proprietors  of  the  old  coppe.-  mine  near  Belleville.  New  Jersey, 
They  ill  fnct  imparted  a  new  and  very  Ijeneficial  impulse  to  mining  opet»-  , 
tions,  and  quickly  raised  the  value  of  mining  stork.    Delugrv.!  wonis  vwaH 
recovered,  old  mines  deepened,  and  new  ones  opened,  in  various  distrintsiat 
both  ill  Qreit  Britain  and  continental  Europe:  nor  were  thev  confii>ed  K»l 
draining  mines,  but  were  employed  to  raise  water  for  the  use  of  towotj 
and  cities,  and  even  to  supply  water-wheels  of  mills.     By  exiiiting  tii«j 
attention  of  tngenious  men  to  their  improvement,  they  became  the   meaiK  I 
rf  extending  manufactures  generallv,  and  introduced  one  which  had  nevtf  J 
before  been  known  in  the  world,  viz.  the  fabrication  of  tnotivr  cmsinet — 1  ' 
manufacture  upon  which  the  wealth,  power  and  happiness  of  nations  v*{ 
destined  in  a  great  degree  hereafter  to  depend. 
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Leopold,  to  wnom  we  have  frequently  referred,  ivflecliiig  on  Papin'* 
»tTO*r.ratTlfl,  sugg'ii'  ej  the  fuilowing  application  of  tleuin  to  move  piston* 
•nt.  lo  n-so  *i.e;  ; — 
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Two  Steam  cylinders,  open  at  top  and  prrvided  with  pistons  a  h,  were 
placed  ovef  the  boiler  c,  from  the  uppwr  part  of  which  a  four-way  cock  d 
admittcni  Meam  alternately  into  the  bottom  of  each.  The  pistons  were 
connected  by  inflexible  rods  to  the  ends  of  two  \^rking  beams,  and  to  the 
opposite  extremities  of  the  beams  were  connected,  by  similar  rods,  the 
pisfoasy"^  of  two  forcing  pumps,  whose  lower  parts  were  placed  in  the 
water  to  be  raised.  An  attendant  turned  tlie  plug  of  the  cock  to  admit 
steam  under  one  piston,  which  was  jiushcd  up  by  liie  expansive  force  of 
the  fluid,  and  consequently  the  piston  of  the  pump  connected  to  tlie  same 
beam  was  forced  down,  and  llie  water  in  its  chamber  driven  up  the  rising 
main  i.  The  cock  was  then  turned  to  admit  steam  into  the  other  cylinder, 
whose  piston  was  raised  in  like  manner;  at  the  same  time  one  passage  of 
the  cock  opeitcd  a  communication  with  the  interior  of  the  first  cylinder 
and  the  external  air,  so  as  to  allow  the  steam  within  to  escape. — (See  the 
figure.) 

This  is  the  first  high-pressure  piston  engine  figured  in  books.  It  has  been 
greatly  a(imired,  and  yet  as  represented  it  is  useh-ss  and  imprnctiiiible  j 
for  when  the  steam  pistons  were  once  raised  the  whole  would  rem»in  im- 
moveable, there  being  no  means  for  causing  them  to  descend.  Had  Leo- 
pold used  one  beam  instead  of  two.  ami  placed  a  pump  &nd  steam  cylinder 
under  each  end,  the  device  would  have  been  complete  and  very  effective. 

I(  \s  sinnrular  that  the  researches  of  Leopold  had  not  made  him  ac- 
quainted with  the  fact  that  four-way  cocks  were  used  long  before  Pajiiu, 
to  whom  he  attributes  ihcm. 

With  this  device  of  Leopold,  we  take  leave  of  steam  machines.  Hitherto 
they  had  been  employed  only  to  raise  water,  but  the  period  was  now  ap- 
proadiing  when  the  agency  of  this  fluid  as  a  first  mover  of  machinery  in 
general,  was  to  become  indefinitely  extended.    The  engines  of  Ncwourneo 
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»nil  Leopold  were  llie  links  wliich  conneC.ed  '.he  liibors  of  Heron,  Owj, 

Porta,  Worcester,  Moreland,  Papin  and  Save  j  with  those  of  Walt.   Thn 

openeil  the   way  for   the   uitroduclioii   of  the  cra..k  and  flv-vrhee!,  whicli 

chunged  completely  the  character  of  the  old  ci  twines.     L;ke  \Vorcc5t«r'i 

and  Siivery'g,  Newcomen's  engine  recjuireJ  ti?  constant  aacnlinn  nf  u 

.         /   >       attendant  to  open  and  close  the  cocks  ;  but  a  hsj  nami-d  Potter  emplavi-d 

't'    ^^  '    in  this  service,  stimulated  by  the  love  ortKi/,  iri^e.iicialy  adaedcorJito 

^^      the  levers  by  which  the  coclis  wois  tur.ied,  and  ctnnicting  th»  oiiercuji 

of  the  cords  to  the  moving  bpim,  rendered  tiie  mchine  self-act.ijj.  <m 

'K*      thus  acijuired  opportunities  oi"  _\.;uirg  his  sportive  compai.ions  ynknovfii 

♦       to  his  employers.     Iron  rods  w^rri  3con  after  sunslituied  for  die  conls  by 

I-'  Cri»J3cighton,  and  finally  Watt  an  t  Gainsborough,  Horiibio>ver,  E''»ns  »nil 


mover  of  man, 


A  few  subordinate  devices  relating  to  steam  and  steam-engines  may  her* 
he  noticed.  There  is  in  Stuari's  .Vtiecdotes  an  historical  note  retipectiii^ 
wooden  boilers,  in  which  water  is  heated  by  furnaces  or  flues  wiuiin 
them.  They  are  traced  back  to  16G3.  It  may  be  interesting  to  some 
readers  to  state,  that  they  were  in  use  in  the  preceding  century,  aud  thjl 
the  device  in  all  probability  dates  from  even  a  more  remote  perioij.  Tlioy 
arc  described  in  Gcsiier's  "Secrets  of  Phisicke  and  Philosopliie."  In  tli". 
English  translation  of  1599,  by  Baker,  to  which  we  have  already  had  n> 
course,  they  are  twice  figured,  and  thus  described  :  "A  wooden  Imwleor 
tubbe  of  a  sufficient  compasse  and  largnesse  over:  in  the  middes  of  which 
tublje  erect  and  set  from  the  bottom  unto  the  edge  or  brinke  of  ihe  same, 
or  rather  above  it,  a  great  copper  vessel,  in  the  Ibrme  of  a  hollow  py|ic. 
Let  a  parte  of  the  copper  pype  descende,  in  such  sort  and  manner,  thai 
the  water  be  contained  betweene  the  outward  bored  wall  of  the  pvpe  and  the 
parte  within  of  the  tubbe  :  But  within  that  parte  of  the  pvpe  which  Je- 
scendeth  by  the  bottome  of  the  tubbe,  lei  the  lire  be  put  and  kindled,  for  the 
healing  of  the  water."  Folio  23.  The  third  part  of  Glauber's  Treaiisfiii 
Philosophical  Furnacei  also  relates  to  wood<;n  boilers,  in  which  liij'iiJi 
were  h  ;ated  by  a  copper  retort  placed  in  a  fire,  and  whose  neck  was  in- 
serted in  the  lower  part  of  the  boiler,  the  liijuid  circulating  through  the 
retort.     Eng.  Trans,  by  Dr.  French,  London,  1652. 

We  have  been  informed  that  an  enormous  steam  boiler  for  an  aimo»- 
pheric  engine  was  in  use  mnny  years  ago  at  a  copper  mine  near  Redruth, 
in  Cornwall,  England,  which  was  composed  entirely  of  larsre  block*  of 
gramle,  or  "  moor  stone."  The  water  was  heated  by  a  furnace,  from 
which  iron  pipe«  traversed  backwards  and  forwards  in  the  water. 

The  old  chemists  often  boiled  liquids  by  the  sun'i  heat,  and  a  writer  ial 
the  London  Magazine  for  1750  proposed  to  substitute  the  solar  rays  fori 
common  fires  in  heating  steam-entrine  boilers,  viz.  by  collecting  the  nivsinl 
a  focus  "by  means  of  a  common  biirninif  glass,  or  a  large  concave  rt-fleclingj 
mirror  of  polished  metal,  or  perhaps  mure  conveniently  by  the  newlv  re-1 
vived  method  <ir  Archimedes,  which  by  throwing  the  focal  point  to  a  greater! 
distance  may  be  capalile  of  many  advantages  that  the  others  have  not."] 
He  aiiticijKites  three  objections  : — 1.  "The  focus  will  vary  with  the  inotionJ 
iifthe  >mn."  To  obviate  this  he  proposes  to  make  the  mirrc-  moveablaj 
by  macliincry  attached  to  ihn  engine  itself  2.  "  The  extreme  heat  of  tint] 
liical  point."  If  this  shoulJ  be  loo  intense,  it  may  be  moderated  by  en- 
larging ihe  focus.  3.  "  The  sun  docs  not  constantly  shine" — thei-efi>re  th«j 
encnne  must  stop.     This  objection,  he  rc^mrks,  is  common  to  wind,  t<del 
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^rftd  other  mills ;  and  he  thinks  iu  the  hot  months,  at  leaat,  a  steam-en^na 
■wiigi.i  he  made  to  raise  oy  the  suii'u  heat  wnter  enough  from  i  well  to 
■^■rjii.Miish  fish  ponds  ice.  as  opportunity  served.  We  have  long  ihoiju^ht 
«.!-«  s)  <i'\at  heat  will  yet  supersec'e  .irtiticial  fires  to  a  limited  extent  in  raising 
•  K^nin.  as  well  as  in  numerous  other  opcnitions  in  the  iirts,  especially  in 
J^laic*  where  (uei  is  scarce.  It  is  a  more  legitimate  ohject  of  researrh 
*4-»aii  one  haif  of  I'tic  new  projects  daily  brougtit  forward. 

The  mode  adoptee  IjV  Walt  for  si.pt>lying  water  to  his  boilers  by  means 
K*fik  /loot  attacheil  to  a  lever,  and  so  &'.ri»nged  as  to  op»»n  and  close  a  vaive 
»»i  an  adjoining  cistern,  was  not  invcntea  by  him.  It  was  empityed  by 
A4r.  Triewold,  the  Swedish  enginoet,  in  174.'),  in  liis  apoaratus  for  commu- 
Sricaling  heat  to  green-houses  by  s'oam,  aird  is  described,  with  a  figure,  in 
s3ie  London  Maifazine  for  1755,  p.  IS — 31. 

Healing  green-houses  by  steam  is  mentioned  ly  an  £nF^iisli  writer  in 
tCCO.  Rivius,  in  1548,  speaks  of  eolipiles  beinc  employeo  lo  impart  an 
aiereeable  temperature  lo  apartments  in  dwellings.  Coi.  Wm.  Cook's 
••^lethod  to  warm  rooms  by  the  steam  of  boiling  water,"  is  descrii)ed, 
trith  .1  cut,  in  the  Gentleman's  MHeaziiie  for  1747,  p.  171.  A  boiler  was 
to  be  Iteated  by  the  kitchen  fire,  and  the  steam  pipe  to  ascend  through  one 
tier  of  rooms,  and  descend  through  another,  traversing  backwards  and 
£orw.irds  in  each  room  according  to  the  temperature  required;  tlieescapo 
of  the  condensed  and  waste  steam  being  regiilatetl  by  a  cock. 

A  patent  for  cooking  by  steam  was  taken  out  in  England  by  Mr.  How- 

Kl  in  1793.  He  laimed  his  apparatus  "a  pneumatic  kitchen."  Repertory 
Arts,  vol.  X,  147, 
Thei*  are  tvfo  other  classes  of  motive  machines  that  we  intended  here 
notice  in  some  detail ;  but  as  they  have  not  come  into  genenil  use,  and 
this  volume  having  ali-L-jtdy  nearly  rearht!ii  its  ])rescribed  limits,  a  brief 
■ketch  may  suHice.  The  origin  of  mnst  oftheAi  may  be  traced  to  attempts 
lo  supersede  steam  by  more  portable  fluids,  or  such  as  r-rquiro  less  fuel  to 
generate.  We  allude  to  explosive  and  to  rajior  engines.  Of  all  tlie  devices 
lo  which  the  steam-engine  has  given  birth,  none  possess  greater  interest 
than  these.  Some  were  designed  to  raise  water  directly,  and  all  of  them 
indirectly.  The  first  class  are  named  from  the  force  by  which  they  act 
being  developed  by  the  firing  (generally  under  pistons)  of  explosive  com- 
pounds. These  are  either  concrete  or  aeriform  substances,  as  gunpowder, 
|l^  mixture  of  hydrogen  gas  and  common  air,  fie.  Those  of  the  second 
viass  are  similar  to  steam-engines,  except  that  they  are  worked  by  elastic 
fluids  evolved  from  vnlatilo  liquids,  or  such  as  pass  easily  and  at  low  tern- 
periitures  into  the  aeriform  slate,  as  alcohol,  ether,  &c. 

Explosive, like  steam.engines  have  been  made  to  act  in  two  dilTerent 
ways,  according  to  two  opposite  proporlies  or  effects  of  tlie  exploded  sub- 
stance— the  expansive  force  developed,  and  the  vacuum  or  partial  vacutim 
which  succeeds.  For  the  purpose  of  explanation,  suppose  two  large  re- 
ppating  guns  or  muskets,  provided  with  small  charges  of  powder  only,  to 
l>e  secuied  by  a  frame  in  a  perpendicular  position,  with  ihcir  muzzles  up- 
wards, and  three  or  four  feet  ajiart.  Directly  over  them  let  there  be 
Miiapted  a  working  beam,  somewhat  na  in  the  last  figure,  suspended  on  a 
fulcrum  at  an  eijual  distance  from  each.  Suppose  the  ramrods  placed  in 
die  liaTels  with  their  buttons  or  plugs  so  made  us  to  fill  the  bore,  and 
work  iiirlight  like  the  piston  of  a  syrmge  or  pump.  Let  the  tipper  ends 
of  iheso  rods  then  be  connected  by  a  bolt  to  tlie  ends  of  the  beam,  which 
•hniild  l>e  at  such  a  distance  above  the  muzzles  that  when  tho  plug  of  ono 
»o<l  is  at  the  bottom  of  its  barrel,  that  of  the  other  may  be  just  within  tlia 
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muztle  of  tlie  other  barrel.  Now  let  iliat  musket,  with  whose  breech  lh» 
plug  of  ii8  ramrod  is  in  coiitaul  be  first  tircil,  uiid  th<;  rod  will  insliitiil^  be 
I'orcod  like  a  bullet  up  the  barrel,  and  by  its  connection  with  x\w  beam 
will  causo  the  olher  rod  to  descend.  The  musket  in  which  this  UsI  wj 
moves  is  then  in  its  turn  to  be  fired  and  the  rod  forced  up  in  the  samt'  wty. 
Thus  the  operation  is  continued.  The  reciproculing  nio'ioli  of  the  i)«un 
is  con"erted,  if  reijuircd,  into  a  continuous  rotary  one  by  means  of  a  cnuik 
or  Rome  analogous  device. 

Engines  on  this  plan  have  not  succeeded,  nor  Is  there  any  probability 
<if  their  success.     There  are  apparently  insuperable  objections  to  lliem, 
but  W'ich  need  not  here  be  detailed.     The  explosion  of  gunpowder  hu 
therefore  beon  more  frequently  employed  to  j)roduce  a  partial  vacuum  in 
a  .;_>,  Under  when  its  piston  is  raised,  in  order  to  excite  the  pressure  of  the 
ainiiisphere  to  force  it  down.     Supjiose  one  or  more  openings,  covcrvduy 
valves  or  flaps,  were  made  near  the  upper  ends  of  the  muskets  mcuiioneO 
atxive,  i.  e   just  beneath  the  pistons  or  plugs  of  the  ramrods  when  at  tLe 
highest  point  in  the  barrels,  and  the  powuer  exploded  when  they  are  id 
that  poMiiion  :  the  sudden  expansion  would   drive  out  through  the  valves 
most  of  the  air  previously  in  the  barrel,  the  valves  would  instantly  close, 
and  the  atmosphere  would  push  down  the  rod   and  thus  raise  the  niher; 
which  in  its  turn  might  be  caused   to  descend   by  exploding  the  charts  ' 
under  it,  and  so  on  continually.      Instead  of  openings  in  the  cylinders  for 
the  escape  of  the  air,   some  experimenters  have  made  large   opening*  in 
the  pistons  and  covered  them   with    flaps,   (like   the   suckers  of  coinmim 
pumps)  so  that  when  the  explosion  ceased  the  flaps  closed  and  preveriteu  ' 
the  air's  return.    Others  have  used  solid  pistons  and  removed  rise  biittom*  i 
cf  th?ir   cylinders,   and    covered   the   openings  with  leather  flaps  so  «s  to  . 
operate  as  valves  and  give  a  freer  exit  to  the  air  and  heated  gases.      Thi« 
was  the  plan  adopted  by  iMr.  Morey.      Papin  used    hollow  pistons.     The 
vacuum  produced  in  this  nTiinncr   hy  (gunpowder  has  alwavs  been  very 
imperfect.    In^leiid  of  obtaining  a  pressure  of  14  or  15  pounds  on  the  inch, 
Papin  could  not  realize  more  than  six  or  seven. 

Gunpowder  has  also  beon  applied  to  raise  water  directly,  by  exploding 
it  in  close  vessels  like  the  receivers  of  Savery,  with  a  view  to  expel  their 
•  contents  by  its  expansive  force,  and  also  to  produce  a  vacuum  in  order  ta 
charge  them — but  with  no  useful  result. 

Explosive  raixlurus,  formed  of  certain  prooortions  of  an  inflammable 
gas  and  common  air,  have  been  found  to  produce  a  better  vacuum  tlisn 
gunpowder;  for  a  volume  of  .lir  equal  to  that  i>f  the  gas  used  is  displaced 
from  the  cyliiitler  ^ly  the  entrance  of  the  ga«  previous  to  every  explosion, 
and  when  this  tiikes  place  nearly  the  whole  of  the  remaining  air  is  extiellej. 
As  yet,  however,  the  best  of  explosive  engineii  have  had  but  an  ephemeral 
existence.  Besides  other  disadvantages,  the  heat  generated  by  the  flame 
attfixling  the  explosion  expands  the  air  that  remoias,  so  as  to  dinuuisb 
cong'ilerably  tlie  ertecL 

Oi  pfi/mr  engines,  the  most  promising  at  one  time  were  those  in  which 
the  tnoving  force  wos  derived  from  ether  and  alcohol.  The  former  boils 
at  about  blood  heat,  or  9S^  of  Fahrenheit's  scale,  and  the  latter  at  l"***, 
while  water  requires  212''.  The  vapor  of  alcohol,  it  has  beon  stated, 
exerts  double  the  force  of  steam  at  the  same  temperature;  and  if  to  this  it 
'j(3  conceded  tlint  fhe~same  qiiaiitity  "I  luel  produces  equal  lemperaturcj 
on  liiitli  ulcoliol  and  water,  thiui  the  former  would  seem  to  be  more  econo- 
mical tlian  ih.iii  the  latter.  Moreover,  in  consequence  of  the  different  spe- 
cific gravities  of  water,  hIcoIioI  and  ether,  the  cost  of  vaporizing  'tau«l 
volumes  o(  each  varies  in  a  still  greater  ratio  than  their  boiling  point* — 
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thU  cost  being  as  the  numbers  11,  4,  2 — thus  making  the  scale  preponde 
rate  still  more  in  favor  of  alcohol  and  ether.  Why  then,  it  may  be  asked, 
have  they  not  su[>erse(led  water  t  Principally  because  the  dilFerent  vo 
luraga-of.  vapor  from  et^ual  quantities  of  the  three  lii^uids  turn  buck  the 
scale  in  favor  of  steam.  A  cubic  wich  of  water  utlbrds  ISOO  cubic  inches 
of  steam,  while  a  cui»c  inch  of  alcohol  produce:)  about  600  and  ether  only 
300  inches ;  hence  the  expense  of  producing  e<|ual  volumes  of  rajior  (and 
that  is  the  main  p>int)  is  actually  in  favor  of  steam.  It  has  therefore  been 
deemed  more  economical  to  use  this  fluid  than  the  others,  even  if  they 
were  equally  cheap^ — to  say  nothing  of  the  danger  arising  from  such  an 
employment  of  highly  inflammable  liquids,  and  the  practical  dilllculties 
ailendir.g  their  applicnlion. 

In  1791,  Mr.  John  Barber  obtained  a  patent  for  an  explosive  motive 
engine  :  he  used  gas  or  vapor  from  "  coal,  wood,  oil,  or  any  other  com- 
bustible matter,"  which  he  distilled  in  a  retort,  and  "  mixed  with  a  proper 
quantity  of  atmospheric  or  common  air."  See  Repertory  of  Arts,  vol.  viii, 
371.  Another  patent  was  issued  in  1794  to  Itobert  Street,  for  an  "in- 
flammable vapor  force,"  or  explosive  engine.  He  exploded  spirits  of 
tar  or  turpentine  mixed  with  common  air  under  a  piston,  and  ibtvud  it 
entirely  out  of  the  cylinder,  into  which  it  was  again  returned  (by  its  own 
weight)  and  guided  by  grooves  in  the  frame  wt>rk.  Repertory  of  Arts, 
vol.  I,  151.  In  1807,  a  patent  was  granted  in  France  to  M.  De  Rivaz,  foi 
another,  in  which  liydrogen  and  common  air  were  mixed  and  exploded. 
De  Ri\az  moved  a  locomotive  carriage  by  the  power  he  thus  derived. 
He  also  inflamed  the  gaseous  mixture  by  the  electric  spark.  Pr.  Jones, 
in  IS  14,  made  experiments  on  another.  Sec  Journal  of  the  Franklin  In- 
flitute,  vol.  i,  2d  series,  page  18.  Mr.  Cecil,  in  1820,  {lublished  in  the 
Transactions  of  the  Cambridge  Pliilnsophical  Society,  (Eng.)  a  description 
of  an  explosive  engine  of  consideraijle  merit. 

In  1823,  Mr.  Brown,  of  London,  patented  his  pneumatic  or  gas  vacuum 
engine.  The  very  sanguine  expectations  it  excited  have  now  died  away. 
It  is  figured  and  described  in  too  many  works,  both  En.oflish  and  Ameri- 
can, to  require  insertion  here.  In  1836,  Mr.  Morey,  of  New  Hainpfthire, 
patented  an  explosive  engine,  and  soon  after  exhibited  a  large  woii^ing 
model  in  this  city,  (New  York)  which  we  took  several  opportunities  to 
t'>.-'mine.  The  piston  rods  of  two  vertical  and  open  cylinocrs  were  con- 
nO'-icd  li-  the  opposite  ends  of  a  vibrating  beam.  The  pistons  were  mada 
•y  sheet  copper,  in  the  form  of  plungers,  about  nine  inches  diameter,  and 
werf  made  to  v/ork  tir-tight  by  means  of  a  strip  of  oiled  listing  or  cloth 
t'td  round  the  upper  ends  of  the  cylinders.  This  was  all  the  packing. 
Mr.  Morey  employed  the  vapor  of  s]]irits  of  turpentine  and  common  air. 
A  small  tin  dish  contained  the  spirits,  and  the  only  heat  he  used  was  from 
a  common  table  lamp.  By  means  of  a  crank  and  fly-wheel  a  rotary  move- 
ment was  obtained,  as  in  the  steam-engine. 

A  singular  device  for  making  the  atmospheric  changes  of  temperature 
a  means  for  raising  water,  was  devised  by  M.  Woisard.  It  consisted  of 
two  vessels,  one  above  the  other,  connected  by  a  tube.  The  lower  one, 
having  a  valve  in  its  bottom,  was  placed  in  the  water  to  be  raised.  The 
upper  vessel  was  exposed  to  the  sun's  heat,  and  within  it  was  a  bag  or 
small  balloon  containmg  air,  and  a  little  ether,  or  other  volatile  li(]uid. 
"  As  the  atmospheric  temperature  falls,  the  balloon  will  diminish  in  bulk, 
the  surrounding  a-r  will  become  rarer,  and  the  water  will  introduce  itself 
into  the  machine  through  the  valve ;  and  when  the  temperature  again 
rikes,  the  pressure  exerted  within  the  machine  by  the  increasing  volume 
of  the  bal'oon,  will  cause  the  excess  of  water  tn  flow  out."     With  the  ex 
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M  ui  Hie  ether,  this  devlry  is  a  moJificiition  of  iVie  ait  machines  Xi'i 

r««and  175,  figurL'd  at  [mge  liSO. 

The  vapur  of  mercury  has  been  Irleil  as  a  substitute  for  steam,  bul 
Without  rauuli  success,     I'liia  metal  bnils  at  GUO'^. 

Anotlier  soiirce  of  power  has  been  sought  in  the  tretnetidoui  force  with 
which  the  liijUL'fioJ  auJ  soliJltieil  gases  expanJ  at  commou  temperaiupta. 
I  Liquid  carbtuiic  ticiti,  at  the  low  ternperaturo  of  ^2^,  has  been  fnuDtJ  to 
exert  a  fnrce  ecpivulent  to  ihirly  five  atmospherics  !  uml  every  increotni 
of  heat  adds  to  its, energy.  No  very  practical  mode  of  employing  thii 
force  as  a  mechanical  agent  has  yet  been  matured. 

The  alternate  decomposition  and  recomposition  of  water  has  also  bees 
•ugzested.  By  decomposing  this  liquid  by  galvanic  electrici^,  oxygen 
ana  riydrogen  gases  are  produced  in  the  exact  proportions  in  which  tbey 
combine  in  water.  If  these  gases  be  made  to  occupy  the  interior  of  « 
cylinder  when  the  piston  is  raised,  and  the  electric  spark  be  then  passed 
through  them,  they  instantly  become  condensed  into  a  few  drops  of  water, 
and  an  almost  perfect  vacuum  is  the  result,  when  the  atr  osphere  acts  no 
the  piston.  The  water  is  then  to  be  reconverted  into  its  c-nstituent  gaaeS; 
and  the  operation  repeated.  See  "  The  Chemist,"  for  1325.  ?or  fttrti<er 
and  more  recent  information  respecting  motive  engines,  cono-.<'.t  the  Re 
pertory  of  Art.«,  Hebert's  Register  of  Arts,  Loudon  Mecutktics'  Magaaneb 
and  the  Journal  of  the  Franklin  Institute. 
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NOVEL  DEVICES  FOR  R.M8ING  WATLR.  WITH  AN  ACCOUNT  OF 
SIPHONS,  COCKS,  VALVEd,  CLEPSYDRA,  &c.  Ax. 


CHAPTER    I. 


S«qj«f  t>  Irvatcil  lo  the  fifth  book — LalermJ  comnnaicKlion  of  motioo — Tbi*  otuvrved  by  the  aocieLI^^ 
ffTind  at  the  FatU  of  NiBfarn — Thn  Irotnbc  dcKrihoU — Natural  Iromboi — Taating  hot  li(|Uiil« — Water* 
l^ttla — Variuu*  0|>eralJoiti  at  the  humaB  mouth — Currtou  of  water — Gulf  Btrcam — Large  rlTera — Ad- 
Vetlurve  of  a  bottle — LxperiloeatJ  of  Vaoturt — Expenditure  of  water  from  variou*  formeil  i^ulafe^— 
Cotttracied  veto — Cauae  of  locreaaed  diacbarge  from  rookal  tubea~-8alc  of  a  water  power — Rcgulatjol 
if  Ike  ■iicWHI  RuDtaJu  to  preveot  aa  exeaaa  of  wafer  froia  beiaf  drawa  by  pipea  from  Ibe  aqacduri*. 


In  this  book  we  propose  to  notice  some  devices  for  raising  water  that 
are  either  pi^ctically  useful,  or  interesting  from  their  novelty  or  the  prin- 
ciples upon  which  they  act.  An  account  of  siphons  is  added,  and  also 
teinnrks  on  cocks,  pipes,  valves,  and  other  devices  connected  with  practical 
hvdrdiilics. 

A  fliiid  moving  in  contact  with  another  that  is  comparatively  at  rest, 
diLgii  along  those  particles  which  it  touches,  and  these  by  their  mutual 
ad'  fsion  carry  their  neigliliors  with  them  ;  the  latter  also  communicate 
die  impulse  to  others,  and  these  to  more  distant  oneg.  until  a  large  mass 
of  the  tiuid  on  both  sides  of  the  motive  current  is  put  in  moiion.  Whatever 
may  he  the  process  by  which  this  is  efTected,  or  by  whatever  name  the 
principle  involved  rray  be  called,  (lateral  communication  of  motion  or  any 
other)  tlrere  is  iio  c]u>i»tion  of  the  fact.  The  operation  moreover  is  not 
confined  to  any  particular  fluid,  nor  is  it  necessary  that  the  one  moved 
should  be  of  the  game  nature  as  the  mover :  thus  air  in  motion  moves 
water  and  other  liquids  as  well  as  air,  and  aqueous  currents  im]>Brt  motion 
to  ai-riform  fluids  as  well  as  to  standing  waters.  A  stream  of  wind  fiom 
a  bellows  beers  with  it  the  atmospheric  particles  which  it  touches  in  its 
passage  to  the  fire — i  e.  it  sweeps  along  with  it  the  ILniiig  of  the  aeri-tl 
tube  through  which  if  is  urged.  Blowing  on  a  letter  sheet  to  dry  the  ink. 
or  on  scalding  food  lo  cool  it,  brings  in  contact  with  these  substances 
rtreams  of  other  air  than  what  issues  from  the  thorax.*  The  operations 
by  which  the  man  in  the  fable  blew  hot  and  cold  "out  of  the  same  mouth  " 

•  Does  not  tlie  axmc  principle  perfurin  an  important  pnrl  in  renpinition  7 — the  liingi 
nol  liciiig  H'liolly  iiifliit*!d  by  air  (iirvctly  in  front  ol'  llie  lipi,  where  pnrlicles  of  thai 
previ,>u<ly  ««liit!f.<1  might  sliU  linger,  but  abo  by  currents  flowing  in  froui  all  sitles  at 
die  li^iiiUioi  noitrils. 
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may  here  be  explained  :  in  ihc  Hrsi  ciue  tlic  hollow  hftiiJs  cIo««1y  encon: 
i>as»ej  lliu  inotilh  and  ruceivuJ  ;)ic  warm  air  from  Ills  cliest ;  in  the  Utler 
his  food  Was  at  a  di.stnnco  from  hid  lips,  and  cuiisec|ucntl  v  ihi:  hc«t  uf  hit 
breatli  was  aiisorbed  by  the  surrounding  air  and  tliat  wliicli  wua  earned 
along  with  il  to  his  soup. 

A  blast  of  wind  directed  over  tlie  surface  of  a  placid  pund  or  lake  not 
otdy  creates  a  current  on  the  latter,  but  sometime*  bears  away  part  of  the 
water  with  it.  A  vessel  sailing  before  the  wind  is  aided  in  her  cuurse, 
though  it  may  l>e  but  slightly,  by  the  liquid  current  produced  011  th« 
ocean's  surface.  Storms  of  wind  long  continued  heap  up  '.he  .va  againil 
the  mouths  of  rivers,  and  cause  them  to  overflow  their  banks,  while  'aw 
tides  ol'len  result  from  the  same  agent  driving  the  ocean  away  in  opposite 
directions.  These  etlects  of  win  J  wete  observed  in  remote  a^es.  "Ho 
raiselh  tiie  stormy  wind  which  liiVvth  up  the  waves."  The  river  Jordu 
was  "  driven  back  "  by  wind,  »•#  that  "oil  the  Israelites  passt-i  over  on  dry 
ground."  By  its  agency,  a  passage  for  the  same  people  was  opened 
through  the  Red  Sea.  "And  Moses  stretched  out  his  hand  over  the  to* 
and  the  Lord  caused  the  sea  to  gu  back,  Ay  2  strong  ■;««/  wind  all  thu 
night,  and  made  the  sea  dry  iund,  and  ihe  watars  we-^  divided."  Exodui 
xiv.  21. 

On  the  other  hand,  rivers  and  wa.e.Malls  hear  down  immense  qusutiUM 
of  air  with  them.  Strata  of  this  fluid  on  the  surfaces  of  rapid  streams  so- 
quire  a  velocity  equal  to  that  of  the  latter,  and  in  some  places  aerial  cur- 
rents thus  [troduced  are  very  sensilite.  At  Niagara  they  are  sufKciont  to 
drive  mills  or  supply  blasts  for  a  long  line  of  forges.  In  1829,  while  as- 
cending the  p.'Uh  on  the  Canadian  side,  in  order  to  pass  under  the  grand 
chute,  we  entered  suddenly  into  one  of  those  invi.silile  currents  under  the 
Table  Rock,  and  were  nearly  prostrated  by  it.  It  is  the  ascent  of  ilii* air 
loaded  with  minute  purticL-s  of  water,  (which  are  borne  up  by  it  in  tbf 
same  manner  that  it  is  itielf  carried  down)  that  contributes  to  the  ittrmm 
lion  of  the  solar  and  lunar  ndnbows  seen  at  the  great  Nortli  yVmericun  uu 
other  cataracts.  Heavy  rains  bringdown  oceans  of  air,  and  in  the  shuwei 
bi'llows,  or  troinbe,  blasts  of  wind  are  produced  on  the  snnie  principle 
Ooulil  we  Kef  the  air  brought  down  by  heavy  showers,  we  should  behold 
it  rebounding  fnnn  the  earth,  something  like  smoke  when  driven  agaioxt 
a  Wall  or  any  other  plane  surface. 

I  '  As  the  trombe  illustrates  this  part  of  our  tjbj«j^ 

\^  a  figure  of  one  may  as  well  be  >;ivcn.     Th»  p:t.e   K 

discharges  wiu^r  fro.n  a  reservoir  into  a  fnnii<*l  placed 
on  tiie  vertical  tu':  j  C  TIio  end  of  A  tormlnste* 
in  the  funnel,  and  opposite  10  it  is  made  a  numbe. 
of  openings  in  C,  two  of  which  are  shown  in  the  Cut. 
Tl-'!  lower  end  of  C  enters  the  close  vessel  D,  and 
discharges  its  contents  on  a  stone  placed  directly 
under  it.  As  the  water  from  A  passes  down  C,  it 
draws  air  along  with  if  throiigli  the  top  of  the  funnt. 
and  ahso  through  the  holes  in  tlie  upper  part  of  C. 
As  the  lioiiid  dashes  against  the  stone,  the  air  sep«- 
nifes  and  rises  to  the  top  of  the  vessel,  whence  it  il 
forced  liy  successive  volumes  thnnigh  B  to  the  fire 
wliile  the  water  collects  at  the  bottom  ami  is  let  kIT 
by  a  regulMrinff  valve  or  cock.  This  machine  it  w'll 
be  perceived  is  a  miniature  imitation  of  some  <if  iia- 
for  cascades,  water-falls,  and  aJsa 
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heavy  showers  of  rain,  are  all  natural  trotubea 
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The  trombe  is  of  considerable  nntiquily.  It  xnt  known  to  Heron,  nnf 
■•  referred  to  in  Pliny's  Natural  History.  Kircher  has  given  several  fi"-urp» 
of  it.  See  l<>m.  i.  203,  of  iiit  .Muiitius  Subterraneus,  and  torn,  ii,  pp.  310, 
347,  of  his  Musurgia  Universalis;  in  which  last  work  he  shuwg  ils  upnli- 
cation  to  siipply  wind  to  organs,  and  by  discharging  the  water  frt>ni  the 
bottom  of  the  vessel  upon  a  wheel  he  imparted  motion  to  the  keys  of  those 
instruments.     See  ul»o  Phil.  Trans.  Abridg.  vol.  i,  498. 

Liquids  raised  by  currents  of  air  may  be  iilustraled  by  openit'ons  in 
cotrmon  life.  Whenever  water  in  a  well  settles  to  a  level  with  the  orifice 
of  the  pump  pipe,  air  rushes  in  (or.  the  (uceiit  of  the  sucker)  and  (>weep« 
up  with  it  portions  of  the  liquid  in  the  form  of  dense  rain.  On  ihp  same 
principle  people  are  enabled  to  taste  scalding  linuids.  The  next  time  the 
reader  sips  hot  soup,  or  tea,  or  coffee,  he  wiii  find  himself  involu'iurilv 
keeping  the  edge  or  rim  of  the  spoon  .ir  vessel  a  short  distanre  from  his 
miiuth,  and  protruding  his  lips  till  the  upper  one  projects  a  little  over  iho 
eilge  :  then  drawing  in  his  breath,  the  entering  air  ripplci  the  surfaco  of 
the  li'juid,  and  by  its  velocity  bears  broken  portions  along.  pretiMilv  like 
the  puinp  just  mentioned.  The  liquid  particles  being  thus  mixed  with 
comparatively  large  volumes  of  cool  air,  are  so  reduced  in  their  temper*- 
lure  a;*  to  be  received  without  injury  and  without  inconvenience.* 

Water-spouts  appear  to  be  charged  in  much  the  same  wav,  whatevi-r 
may  be  the  active  agent  in  the  formation  of  these  singular  phenomena  ;  fr<r 
the  sea  immediately  under  their  orifice  has  often  been  observed  to  bubble 
OT  boil  violently,  and  rise  into  the  spout  in  disjointed  masseit. 

A  stream  of  water  directed  into  or  through  a  Ixxly  of  the  tame  /iqmit', 
also  communicates  motion  to  those  particles  of  the  latter  that  are  in  cnnlarl 
with  or  adjacent  to  the  current.  Examples  of  this  are  furnished  in  several 
of  nature's  hydraulic  operations.  That  constant  oceanic  current  produced 
by  the  trade  winds  ia  one.  It  sweeps  ruund  the  globe,  but  is  deflected 
and  divided  by  the  varying  configuration  of  the  lands  that  lie  in  ils  wav. 
Under  the  torrid  lone,  it  passses  through  the  Pacific  and  Indian  oceans, 
whirls  round  the  southern  point  of  Alrica.  inclines  to  that  continent  in 
again  approaching  the  equator,  then  stretching  across  the  Atlantic  is  di- 
vided liy  the  South  American  coast — one  part  turning  northward  to  the 
Gulf  of  Mexico — thence  this  last  division  issues  as  the  Guff  Strriim,  and 
lieiiig  tiirneJ  in  an  easterly  direction  by  the  coast  of  the  United  States,  it 
be?r8  a«ay  past  the  banks  of  Newfoundland,  and  extends  its  influence  to 
Ireland.  Icvland,  Norway  and  the  North  Sea.  This  mighty  current  not 
only  dtawp  with  it  the  liquid  channel  llirough  which  it  flows,  but  the  ocean 
for  loag'jes  on  each  side  is  carried  along  with  it,  or  follows  in  its  train  ; 

•  Siinic  of  the  operationii  of  the  moutli  are  deservinR  of  piirliciilar  notice.  They  will 
be  fonml  lo  cliicidrle  several  |ihilo<ophicnl  principlefi,  nml  nllention  lo  them  wniifil  cer 
tatnly  hnve  ennbled  inventor*  to  hnvc  nnticipnleii  innny  n«efiil  di^coveriea.  We  have 
in  a  pfeoHdin*  book  obsened  Ih.il  the  mouth  is  oftpii  eniployed  »«  a  forcing  pump  in 
ejertini!  Iic|iiirf«.  nnd  as  n  (ticking  one  when  drnwine  Ihein  lliroiifh  tiphuns,  or  llirough 
•ttnpir  Iiil>e<.  We  have  juiil  ««en  how  it  raises  liot  liquid*  by  drawing  a  streHin  of  air 
over  iheiii.  nnd  ninchines  on  the  same  principle  hsve  been  made  lo  raine  wnler.  It  ia 
often  u*-d  as  a  bellows  lo  kindle  firen,  and  every  body  employs  il  lo  cunl  hnt  vicluula 
by  blnw|M(.  It  even  acls  a.i  a  utiive  lo  warm  our  frozen  fingera.  by  givins  nut  liented 
«ir.  M'inr  make  a  condenaing  air-pump  of  il.  to  fill  blnddRrn,  air-lieda  nnd  nir-pillows: 
vime  wnUr  an  eshannting  one  of  it.  and  in  all  it  aci*  roiiliniially  an  bolh  in  re:^(^iirntion. 
<uw  oni-n  diisK  It  perform  llie  part  of  a  fife,  an  orenn.  nr  a  whintle,  lo  produce  inunic  f 
—of  "in  »ir-i;nn  lo  ulioot  bulleli  and  arrows  from  ilie  «urbacnn  ? — and.  not  to  weary  dia 
•eader.  when  employed  in  tnioking  a  pipe  of  tobacco,  we  «ee  in  operation  liio  identiea! 
nrm'^iple  of  increasing  tliedralt  of  locomotive  chiinnevK  bveihau'iliun— i.  e.  a  sucking 
f.,'nar.ituii  i>  applied  to  that  eilremiiy  of  the  Bue  that  is  tlie  farthest  from  the  fire — n  devict 
ptteM'fi  !■■  r.uropc  a  few  vean  ago. 


J78 


Water  raistd  by  current-i  oftht  tame  liqmpt. 


^<K>k  V 


nnj  thus  it  la  incessantly  transferring  to  northern  latitu(it.s  irte  «  Ara  TVerf 
of  the  ci{iiinc  Jtial  regions.' 

The  volumes  of  water  which  shoot  from  the  moutke  of  the  Amuoo, 
Oronoco  and  Mississipjii,  continue  with  almost  unabated  velx-ity  lor  leiguei 
mm  the  sea,  and  imparl  motion  to  the  contiguous  porticns  of  the  litter, 
which  are  compelled  to  accompany  them  in  their  course. 

A  current  nf  water  not  only  imparts  motion  in  this  manner  tc  «  massof 
the  same  Tuiuid  when  cin  a  level  with  ilselt',  but  it  may  be  applied  to  mut 
waler  from  u  loicer  levd.  This  at  first  si^ht  does  not  appiear  very  obvious. 
A  jierson  hnving  a  Bold  which  he  15  uiiubic  to  drain  for  want  of  a  place 
of  discharge  sulBciently  low  for  the  purpose,  would  hardly  think  his  onject 
could  be  obtained  by  posiiiiig  a  rapid  stream  into  it  from  a  higher  level 
To  some  farmers  this  would  seem  the  most  direct  way  to  deluge  the  land; 
yet  the  thing  is  not  only  possihltr,  but  in  some  cases  i^uite  easy,  as  will 
appear  from  the  following  experiments  made  by  M.  Venturi  in  1797. 

From  the  lowiir  part  of  the  cistern  D,  No.  199,  a  horizontal  tube  pio- 
cecded  into  the  vessel  A  C.  The  water  in  D  was  kept  at  32^  inches 
above  the  centre  of  the  pipe.  Opposite  and  at  a  short  distance  from  the 
pipe  was  placed  the  mouth  of  an  inclined  rectangular  channel  or  gutier, 
upen  a!  top.  The  water  issuing  from  the  pipe  rushed  up  this  channel,  anj 
was  dischargT-d  «t  B;  but  as  it  entered  the  gulter,  the  current  dragged  in 
with  it  the  coii'.ints  of  A  C,  until  the  surface  sunk  from  A  to  C.  Frum 
this  experiment  it  is  obvious  that  land  on  a  low  level,  as  at  C,  mioht  be 
drained  in  this  manner,  and  the  water  discharged  above,  as  nt  B,  where* 
ever  a  motive  current  could  be  obtained.  Venturi  applied  die  priDciclfl 
with  success  to  some  marshy  land  belonging  to  the  puldic. 

In  the  next  experiment  both  air  and  water  are  moved  by  the  curwrt, 
and  ihe  pressure  of  the  atmosphere  excited  to  raise  water  as  in  th«'  pipe 

of  a  |iump.  The  cviindri- 
cal  tube  K  (N'u.  200)  wat 
connected  to  a  reservoir 
of  water,  D,  the  surface 
as  before  being  32^  inches 
above  its  orifice.  The  pipe 
K  was  18  lines  in  diameter 
and  57  long.  A  glass  tube 
A  B  was  connected  to  its 
upper  surface  at  the  db- 
tance  of  eight  lines  fVoio 
its  junction  with  the  reser* 
voir.  The  other  end  nf 
the  glass  tube  Jesccnlej 
nio  a  vessel,  T,  containing  a  colored  liquid.    When  water  fliwed  through 
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•  Flomins  -iubBinncc"  have  often  been  thrown  into  the  Oiilf  Slrenm  to  ,i>rrr:jiin  il» 
direclMin  U(nvnril«  of  twenty  ve.ir»  ago  wc  c;i>t  overbonrd.  iieur  tli,!  I).iiik>  n  noinnion 
aiinrt  Imtilo  rdrel'ulfy  erirkfit  nnd  denied,  and  having  a  few  inrhe«  o(  red  biiiiiiiig  'ied  Ib 
the  neck  The  Imiile  cuniniDed  n  letter  addre«»ed  to  a  ^enllemnn  in  Lciidnn.  ano  iitt 
open  note  in  Rn/ilisli  hiiiI  French,  ruqiiestiiig  the  tinder  10  put  Uie  letter  into  the  naarc*' 
post-olHrc,  AriiencMU  nr  Eiiro|jeaii,  nnd  hIku  »  ineniorHiidiiin  of  the  rirciimtKijinoed.  diilt 
find  pince  of  it-*  dJ-*covery.  PreciHelv  eleven  inonitw  frrioi  llie  ditv  ihf  bottle  wai  coio 
mttted  10  the  deep,  the  letter  wn»  dehvered  by  the  po.'tlinnii,  Rnd  ucconipanied  with  Ktl 
other  from  nil  Iri-'h  dereymnn.  The  fmgile  vewel  floated  miftly  iwlinre  iieiir  Sh»o  U« 
little  pennon  eiciteil  the  attention  of  1  penwnL  wiio  broke  tlie  bottle,  nnd  iini  knnwiuj 
whnt  to  ni.ike  of  the  coiileiilt.  carried  tlie  whole  to  hiii  prieitl.  Thm  (eiiileninn  ooli'elv 
rnnvnrded  the  letter  to  it«  doMinaiioii.  nnd  wiole  another  containing  the  piirticiiliiriju^ 
mentioned.  Both  letter*,  we  believe,  were  laid  before  the  Bri'i«h  Adiniralt)  by  ibsceH 
lleioan  to  whuiii  Uiev  were  nddienKcd. 
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R  it  dragged  the  aii  at  thu  mouth  of  the  glass  tube  with  it,  the  rttmaining 

tir  dilated,  and  finally   the  whole  wag  carried  out  with  llie  effluent  water,  '' 

afid  tlie  colored  liquid  rose  to  the  height  of  ^4. inches  in  A  B.     The  glass^-  "/*  ^ * 

lube  was  then  shortened  to  about  22  inches,  when  the  contents  of  T  rose  (ji 

np  and  were  discharged  from  K.     In  another  ex{>eriiiient  K  was  placed 

in  nearly  a  perpendicular  position,  being  inclined  a  liltle  that  the  jet  might 

not  fall  back  on  itself,  but  the  liquid  rose  through  A  B  as  befure.     1  hit 

end  of  A   B   where  it  joined  K  was  flush  with  the  interior  surface  of  the 

latter.     Several  small   holes  were  made  round  K  ;  these  diniinishod  the 

velocity  of  the  issuing  current,  but  no  water  escaped  through  ihc  npeuings 

There  is  a  singular  fact  relating  lo  the  discharge  »f  liquids  from  dilTercn; 
shaped  ajutages  :  for  example,  more  water  flows  through  a  short  tul>e  than 
through  a  simple  orifice  of  the  same  diameter.  A  circular  opening,  of  the 
::ame  diameter  as  the  bore  of  K  in  the  last  figure,  was  made  in  a  sheet  of 
tin,  and  tLe  latter  attnched  to  a  cistern  in  which  the  water  was  kept  at  a 
constant  altitude  of  32^  mches  :  now  while  four  cubic  feet  of  water  escaped 
through  the  opening  in  41  seconds,  an  etjual  quantity  passed  through  K  id 
31  seconds ;  and  when  the  length  of  K  was  only  twice  its  diameter,  tiie 
quantity  discharged  was  still  greater. 

But  the  quantity  discharged  may  be  still  further  increased  if  the  end  of 
K  next  the  reservoir  be  made  to  assume  the  form  of  the  contrarlrd  vrin. 
This  term  is  used  to  designate  that  conlritction  which  a  liquid  column  un- 
dergoes when  escaping  through  an  orifice,  or  when  entering  a  tube.  &ujj- 
pose  an  aperture,  an  inch  in  diameter,  made  in  the  bottom  of  a  bucket  or 
•  cauldron,  and  closed  by  a  plug.  Then  fill  the  vessel  with  water,  and 
withdraw  the  plug.  Upon  examination  the  descending  column  will  bo 
found  contracted  or  tapered  for  a  short  distance  below  the  orifice,  viz. 
half  an  inch,  or  haif  the  diameter  of  the  orifice.  The  area  of  the  section 
of  the  smallest  or  most  conlmcted  part  will  be  to  the  orifice  as  10  to  16 
according  ta  Bossut,  but  when  a  short  cylindricul  tube  was  applied  lo  the 
orifice,  he  found  the  contraction  as  10  to  12.3.  (The  same  thing  occurs 
whether  the  opening  be  made  in  the  side  or  bottom  of  a  vessel.)  Hunciy 
by  enlarging  the  end  of  K  next  the  reservoir,  in  the  proportions  named, 
the  contraction  within  the  cylindrical  part  of  llie  tube  would  be  avoided, 
and  the  discharge  consequently  increased. 


By  substituting  for  K  a  compound  tute  of  the  form  and  proportioni) 
figured  at  No.  201,  the  quantity  discharged  has  been  ascertained  to  b. 
more  dian  iloubled,  being  to  that  delivered  by  the  orifice  in  the  tin  plai- 
as  24  to  10  !     A,  the  cistern  ;  B,  a  short  conical  tube  connecting  the  cvl'n 
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drical  one  to  the  conical  friislruni  C  D.  Supposing  the  diameter  of  C 
to  be  \inity  or  1,  that  of  D  should  be  l.S,  and  the  distance  between  then 
>.  The  increased  discharge  ceases  when  the  cylindrical  part  of  the  lnli« 
B  C  is  of  considerable  length,  and  of  the  same  bore  as  the  smaller  end 
of  C  D. 

A  Hibe  of  the  form  represented  at  No.  202  was  applied  by  Venturi  Ifl 
the  same  reservoir,  the  depth  of  water  in  wh.ch  was  also  kept  at  3!<i 
inchfs.  Three  glass  tubes,  ABC,  were  connected  to  the  under  sidi;  i»l' 
the  pipe,  and  their  lower  ends  inserted  into  a  vessel  containing  mrrcurv. 
Wln'ii  water  flowed  through  the  pipe  the  mercury  rose  53  lines  in  A,  iiO 
in  U,  nnd  7  in  C.  These  quantities  correspond  w  ith  G2  inches  of  Mfitcr 
in  A,  24  inches  in  B,  and  8  in  C.  The  length  of  the  pi[>e  should  not  ex- 
ceed four  times  the  diameter  of  its  smaller  end,  and  its  sides  should  nut 
diverge  from  each  other  more  than  what  is  required  to  form  an  angle  of 
from  three  to  four  degrees.  By  this  principle  it  will  be  perceived,  ihit 
water  may  also  be  raised  from  a  lower  level  and  discnarged  at  an  upjier 
one,  and  in  mtny  situations  it  might  doubtless  bo  adopted  with  odvanlige. 
See  Nicholson's  Journal,  vol.  ii,  and  Hnchette's  Traito  Elementaire  ilei 
Machines. 

Dilferent  causes  have  been  assigned  for  the  increased  discharge  of 
liquiils  through  conical  tubes.  One  is  certainly  to  l>e  found  in  the  materitl 
of  svhicK  they  are  mailu  ;  for  when  formed  of  or  lined  with  any  subntance 
that  repels  or  refuses  to  coalesce  or  be  wetted  with  the  effluent  wat*r,  tt 
wax,  talliiw,  ice.  the  effect  ceases.  T'le  phenomenon  thert-fon*  depend* 
upon  the  attrtctiop  and  adhesion  of  the  liquid  to  (he  sides  of  the  tuijci, 
which  aides  exert  a  capillary  force  in  drawing  the  particles  of  the  liquid 
towards  them,  so  as  not  only  to  prevent  its  a.-<siiming  the  figure  of  the  con- 
tracted vein  when  entering  the  tube  No.  202,  but  also  drawing  the  paniclei 
to  the  diverging  sides  of  the  discharging  njutaje. 

A  knowledge  of  the  increased  discharge  of  liquids  from  onnical  tuliet   d 
has  led  some  persons  to  take  advantage  of  the  fact,  to  the  serious  injury  fl 
of  others.      \Ve  have  heard  of  the  purchaser  of  a  water  power,  who  «c-     « 
cording  to  the  covenant  was  to   connect  his   mill-race  with  the  dam  by  t 
trunk  of  a  certain  specifiixl  bore  at  the  junction.     This  he  did,  but  nuiking 
the  sides  of  the   trunk  diverge   as   in   the  last  figure,   the   propr',eu>r  of 
the  dam  was  astounded  to  find  the  water,  as  if  moved  by  instinct,  jfiving 
the  new  channel  the  preference,  and  unaccountably  persisting  in  rushing 
through  it  with  a  velocity  that  threatened  to  drain  the  well  siqiulied  reser- 
voir, and  leave  his  own  mill  'o  take  its  rest.      This  increased  di.Hchargo  i« 
not  ctHifiiu'd  to  tubes  of  a  cylindrical  or  c<inical  form.     The   walls  ol'  ili« 
channel  may  be  straight,  and  its  section  may  be  a  square,  a  triangle,  &c 
as  well  as  a  circle. 

There  is  some  reason  for  believing  that  overreaching  in  this  way  is  not 
wholly  ii  modern  discovery.  No  c?ty,  ancient  or  moiiern,  was  perhaps 
ever  aupjilied  with  water  in  greater  profusion  than  old  Rome  ;  yet  the  con- 
tents of  her  aqueducts  were  meted  out  with  economy,  and,  a*  in  raodsm 
times,  a  revenue  was  derived  from  the  sale  of  the  water.  The  suiwrtth 
tendence  of  the  aqueducts  and  of  ilio  distribution  of  the  liijuid  tlintughttw 
streets  and  houses  were  always  intrusted  to  a  citizen  of  rank  and  talenti 
The  celebrated  Frontinus  held  the  olfioe  under  Nerva,  by  whoso  directiunj 
he  wrote  two  books  on  the  water-works  of  Rome,  the  times  of  their  erec- 
tion, districts  of  the  city  supplied  by  each,  the  ntiraher  nf  public  and  pri 
vate  fountains,  quantities  ot  water  discharged  from  different  sir.i-d  oriHcos, 
&c.  From  him  we  learn  that  numerous  frauds  were  practiced  in  obtaining 
more  than  the  )is.Higned  quantity  of  the  liquid,  one  of  the  means  for  pr» 
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TiMting  Mrhich  was  this:  when  a  pii>e  for  the  suj)j)ly  of  a  liouse  was  to  h^A^vU-  *r>yv4 
ccnncclcd  to  the  castollura  or  reservoir,  (wli!c)i  received  tlie  water  I'roin  i  a    >y 

one  of  the  aqueducts)  a  Irass  calix,  or  sliort  lient  tube,  (probably  tlie  same/^  "■  '* 
as  the  modern  ones  which  coniipcl  the  lateral  jiijies  to  tlie  mains)  was  de-y  ~  /^/«,^i,- 
iivercd  by  the  officer  in  charge  to  the  workmen,  to  insert  into  the  castellum ;  .      > 

and  it  was  enacted  that  the  bore  of  the  cylindrical  leaden  pipe  should  be  4.  /j  n/C^ 
the  same  as  that  of  the  calix  for  at  least  Jifty  feet  from  the  castellum.     li  J  / 

is  therefore  pretty  clear  that  Roman  engineers  were  aware,  that  the  in-  kfTPr-r-  -tt 
creased  discharge  through  enlarged  orifices  ceases  when  a  considerable'       "^^^ 
length  of  pipe  of  the  same  bore  as  the  caiix  intervened.  Pj  j  /    i.-t/\>i 


CHAPTER    II. 

I^airr  raiid  by  eiirraiiK  of  air— Fall  oT  tha  baromeUr  duriaf  •toriiM — Hurricanea  eonniiineo  at  ih4 
ecward — Damage  done  by  ttorma  not  always  by  tbe  impuUe  of  the  wind — Vacnnm  prodiicrd  by  ituiUMi 
9fwind — Draft  of  cbioineya — Current*  of  wind  in  iiou»e« — Fire  grates  and  paraljolic  juinlis — Eiperl- 
aents  with  a  sheet  of  paper — Experiments  witli  currents  fif  air  tliroufli  tubes  rariourly  coonec'ed  — 
Effect  of  conical  ^utaf  es  to  blowing  tubes — Application  of  these  tubes  to  increase  tlie  draft  of  cbiuio*«ys 
sad  to  ventilate  wells,  nines  and  ships. 

Currents  of  air  and  other  clastic  fluids  may  be  employed  to  raise  water 
'.n  a  manner  different  from  any  yet  noticed  ;  i.  e.  not  by  any  modificaiit.n 
Df  the  lateral  communicatioii  of  motion,  nor  by  breaking  the  liquid  into 
minute  particles  by  the  motive  fluid  mixing  with  them,  but  by  the  removal 
3r  diminution  of  atmotpheric presiure.  The  principle  to  which  we  nlliide 
is  to  be  found  more  or  less  active  in  nature,  and  illustrations  of  it  are  not 
infrequent  in  common  life,  although  for  want  of  reflection  they  are  seldom 
noticed  and  are  not  always  understood.  ^ 

Meteorologists  have  long  observed  that  storms  of  wind  are  accompanied  I J  O.-tf/vX 
with  a  diminution  of  the  air's  pressure,  and  that  the  descent  of  the  mercu- V  ,  ji  V 
rial  column  in  the  barometer  keeps  pace  generally  with  the  violence  of  ^V  '  "  *  . 
the  tempest:  thus  in  hurricanes  the  depression  is  much  more  than  during  :'\t>i  >\.ti  jjjk 
ordinary  gales,  ^vhile  in  the  vortex  of  a  tornado  or  a  whirlwind  it  is  ^ 

excessive. 

Sonit;  persons  are  apt  to  consider  winds  as  proceeding  directly yViwre  ihf 
power  that  generates  them,  as  a  stream  of  water  proceeds  from  a  fire- 
engine  or  one  of  air  from  a  liellows,  whereas  they  as  often  rush  toicardi 
the  source  that  gives  them  birth ;  and  hence  it  is  that  hurricanes,  soiut, 
times  if  not  always,  commence  at  the  leeward.  Should  any  mystery  ar> 
pear  in  this  it  is  easily  explained  : — if  a  person  blow  through  a  tube,  tlie 
blast  proceeds  from  him;  if  he  suck  air  tlirough  it,  the  current  is  directed 
o  him :  when  we  close  a.pair  of  bellows,  wind  issues  from  the  nozzle ;  if 
.hey  are  opened  while  the  ralve  in  the  lower  board  is  shut,  it  rushes  back 
through  the  same  channel :  so  it  is  with  currents  in  the  atinospliere.  A 
partial  void  is  formed  in  the  upper  regions,  perhaps  by  electricity,  by 
changes  of  temperature  or  humidity,  by  rarefaction  or  other  causes,  and 
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msIanlU  oceans  of  the  fluid  maitor  around  rush  to  restore  the  etjiiilihriuta: 
then  the  rcmoviil  of  these  oceans  neccssatily  induces  otlicrs  to  ;i'.<»ve  sIm 
to  lake  their  place,  and  in  this  way  various  strata  of  the  atmuspheri',  (or 
miles  and  hundreds  of  miles,  are  put  in  nioiicm  towards  the  place  wbert 
the  ciiuse  of  their  movements  is  located,  and  in  a  way  not  unlike  'lilt  by 
wliicli  streams  of  air  enter  a  person's  inoulh  while  he  sucks  au  empty  tube, 
or  a  bellows  during  the  act  of  opening  them. 

When  the  loworinfi;  sky  and  tiitUiifi;  clouds  announce  the  approach  of  t 
violent  storm,  and  when,  like  a  demon  broke  loose,  it  destroys  in  i'»  fiir\' 
nearly  every  thing  in  its  track,  we  commonly  supjHise  (lie  mischief  ie  done 
by  the  direct  impui^  of  the  blast — that  agitated  and  frroaniiig  foresH,  Irwi 
prostrated,  wails  ami  fences  leveled,  buildino^s  o'crlurned  and  olhers  un- 
roofed, &c.  arc  the  results  of  a  tempest  sweeping  these  objects  befoff  it, 
somewhat  as  we  blow  dust  &c.  from  a  table  or  from  the  cover  or  edge  of 
a  book.  But  this,  though  sometimes  the  cose,  is  not  always  so;  fur  if  il 
were,  almost  every  f)bject  blown  down  by  the  wind  would  be  found  lying 
m  the  direction  of  the  blast,  whereas  they  are  frequently  discovered  in  the 
{ rvposite  one.  The  effects  enumerated  are  sometimes  caused  by  winrit 
XJiowing  over  a  district  of  country  without  coming  in  contact  witli  the  earth 
«  the  objects  upon  it,  but  meivly  sweeping  at  some  distance  above  ihein: 
»t  otlie'-  times  similar  results  arc  met  with  at  the  extreme  edpe  of  a  stiirm, 
»nd  even  beyond  it.  In  these  cases  a  partial  vacuum  produced  bv  the 
»eriai  currenls  often  works  all  the  niischi<'f,  aithoiigh  it  may  be.  as  it  ft*- 
i|ut.iilly  is,  but  of  momentary  duration.  Close  buildings  have  been  instxo- 
kttneously  destroyed  by  the  expansion  of  the  nir  within  thtin,  their  waili 
being  thrown  nulwurds,  and  their  roofs  projected  aloft.  The  mrnado  by 
wh'ch  the  city  of  Natchez  was  recently  destioyed  furnished  striking  proofj 
if  this  removtil  ofdlmospheric  pressure,  and  of  fearful  daiiiii^es'orciiiioncd 
Dy  the  void.  The  doors  and  windows  of  one  or  two  bouses  left  standing 
amnl  the  general  wreck  happened  tr  be  open,  and  thus  furnisiicdavcnuet 
fiir  the  dilated  air  to  escape.  In  S(  -;<?  houses  the  leew  ard  trahle  cnd« 
were  pushed  out,  and  the  windw.an]  pnes  stood  ;  in  otliei:s,  the  lecwanl 
walls  remained  standing  while  those  to  ihc  windward  were  thrown  out- 
wards in  the  fire  of  ihe  storm.  Roin  g.nble  ends  were  burst  nut  in  some, 
and  of  others  the  sudden  expansion  of  the  air  raised  the  roofs  fur  a  pa>' 
Mge,  and  left  more  or  less  of  the  walls  standing." 

Persons  wliosn  ideas  of  a  vacuum  aiv  inseparably  associated  with  lur- 
tight  vessels,  would  hardly  suppose  that  any  thing  approaching  to  one 
could  be  formed  in  the  open  regions  above  and  about  us  ;  yet  every  hrpalh 
of  wind — the  gentle  Zephyr  as  well  as  the  furious  tempest — destroys  the 
eqnilil^rliim  of  the  air's  pressure,  and  conseipienlly  produces  a  partial  voiil; 
and  it  will  be  seen  in  this  and  tlie  following  chapter  that  a  vacuum  mty 
be  produced  and  mnintiiined  in  oprn  tiilim.  It  should  however  be  kept  in 
mind,  that  an  nh.wlule  vacuity  is  not  found  in  iialure  nor  to  be  obtained  bv 
art :  the  slightest  rareficlion  and  the  best  results  of  the  l>est  air-pump  are 
but  degrees  in  the  range  of  a  scale,  of  whose  limits  we  know  but  little. 

A  few  more  familiar  illustniiions  of  the  removal  ordiminurion  of  atmos- 
pheric pressure  by  currenls  of  uir  will  not  be  out  of  place.  Ami  firs%  who 
has  not,  while  sitting  by  a  winter's  fire,  witnesseil  ihe  coals  in  the  grate 
brighten  suddenly  up,  and  heard  the  flames  and  heated  air  roar  ia  the 
chimney  as  if  urged  for  a  few  moments  by  sotne  invisible  l>ellows-lilo\verI 
— phenomena  attributed,  we  believe,  in  the  days  of  witchcraft,  to  ehc»  and 
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||Hnp3,  those  niischiovous  imps  wJio,  in  their  wayward  moodg,  s(>i'.iotim<*a 
f Wndurtook  to  blow  the  fires  as  well  as  to  swcrji  unc)  sand  the  floors  of  ihe 
houses  they  visited,  and  who,  l>y  iheir  screams  of  delight  on  leaving  iheir 
work,  were  supposed  to  produce  the  hollow  j'lunds  in  the  flue  ns  they 
darted  up  to  join  their  comrades  in  the  tempest  without !  It  need  hardly 
be  observed  that  it  is  gfusts  of  wind,  sweeping  in  particular  directions  over 
the  fops  111'  chimneys,  and  thereby  causing  a  partial  vacuum  within  them, 
that  thus  powerfully  increases  the  draft.      Hut  it  is  not  necessary  to  have 

II  in  the  grate,  for  the  effect  may  he  noticed  in  parlors  during  the  summer 
feths,  when  tliose  light  and  ornamental  paper  aprons  with  which  ladies 
ler  the  fronts  of  iheir  grates  are  often  thus  drawn  into  the  flues,  and  bc- 
pie  disfigured  and  spoiled. 
Other  examples  may  Imj  derived  from  the  movements  of  interior  dixirs, 
blinds  and  curtains  of  winr^ows.  tcr.  While  we  are  writing,  the  front 
door  of  our  dwelling  is  opened  whirii  iiftord*  a  clear  passage  from  the 
Mreet  to  a  garden  :n  the  rear.  The  rlr-or  of  the  room  we  occupy  opcna 
tnio  tlie  passage,  through  which  a  flaw  of  wind  has  just  passed,  and  in  a 
twinkling  the  blinds  awing  from  the  windows,  and  the  door  is  slammed  to 
Its  frame,  by  the  air  in  the  room  rushing  to  join  the  passing  current,  or  to 
fill  the  slight  vacuum  produced  by  it.  An  open  fire-place  creates  a  draft 
up  the  chimney,  which  acts  as  a  pump  lo  ilraw  cold  air  into  the  rromj 
hence  the  complaint,  not  at  all  uncommon,  of  being  roasted  in  front  while 
facing  the  fire,  and  at  the  same  time  experiencing  the  unmitifraled  rigors 
of  winter  behind.  (In  such  coses  the  comliustion  should  be  8up[K>rted  by 
air  drawn  from  without  by  a  pipe  terminating  beneath  the  grate — ai'.;?vice 
patented  in  modern  days,  though  it  M-as  known  two  centuries  ago,  and  is 
descriljed  by  M.  CSauger  in  his  treatise  on  "  Fires  Improved,"  ft  work 
translated  by  Desaguliers  in  171,5.')  The  motion  of  every  object  in  nature 
produces  currents  of  air,  and  in  every  possible  direction — the  movement 
of  the  hand  in  writing  or  sewing — the  trembling  of  a  leaf  or  of  an  earth- 

K'.e — the  flight  of  an  eagle  or  of  an  insect — the  ball  whizzing  fvom  a 
on'*  mouth,  the  creeping  of  a  snail,  or  a  wasp  using  her  forceps. 
I'tificiul  illustrations  mii^ht  be  quoted  without  end.  Lay  two  books  of 
the  same  size,  or  two  pieces  of  board,  six  or  eight  inches  apart  upon  a 
table,  and  place  a  sheet  of  |inpor  ovc-r  them  ;  then  blow  between  the  books, 
and  the  paj>er,  instead  (•'f  being  disjilacod  l>y  the  blast,  will  be  jiressed 
down  to  the  talile  by  the  atmosphere  aliove  it,  and  with  a  force  protior- 
tioiied  to  the  intensity  of  the  blast.  Instead  of  the  miniih  next  ose  u  pair 
of  IhjIIows,  by  inserting  the  nozzle  under  one  edge  of  the  pa]»er,  and  the 
effect  wil!  st>'.l  be  the  same.  The  stream  of  wind  may  even  be  directed 
partly  against  the  under  side  of  the  paper,  which  notwithstanding  will  re- 
tain ita  place  and  be  pressed  down  ns  befure.  Suspend  the  books  or  fix 
them  to  the  under  side  of  a  table,  then  hold  on  the  paper  till  the  blast  it 
applied,  when  the  sheet  will  be  siislsiinej  against  gravity.  Fold  the  ]>aper 
Into  a  tul>o  and  blow  through  it  with  the  mouth,  or  wiih  bellows — in  both 
cases  it  will  be  collapsed.  From  this  experiment  we  jearn  that  the  force 
wlii<h  flfiids  exert  against  the  sides  of  pipes  that  coiinii^jJ2ejii,~i8  greatly 
dimTii^ied  wlien  they  pass  nipiill^THrorijfTri  "VV e  lia vc  known  a  small 
leak  inThe  pipe  that  supplied  sleain  In  a  higlipressiire  cnfjiie,  cease  to 
ut  vapor  every  time  the  communication  was  opened  to  the  cylinder 
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.»f  d  tapering  form  lo  ihi-ra,  or  hy  enlarging  the  cnJs  ihemselyi-s.  0{  t 
riiiiber  of  experiments,  ihc  following  will  be  gulficienl  for  our  pretciit 
(iurfrt)se.  In  two  of  the  lultes  (No*.  21 1  and  212)  the  cxhansting  pipe  Jxi 
not  protrude  into  the  blowing  one:  in  No.  213  it  did.  As  it  is  difficult  to 
ki'op  up  a  strong  blaat  from  tlic  lungs  through  a  pipe  so  large  in  the  Ixirs 
U  half  an  inch.  No.  211  wiis  ma.de  of  quarter-inch  tubing,  and  No.  212  of 
five-sixteenths.  Thu  blowing  tulie  of  No.  213  was  seven-sixteenthn.  and 
the  exhausting  one  three-sixnenihs,  and  all  were  made  of  lead.  Be»iJci 
'.he  tubes  just  named  we  prepared  a  dozen  conical  ones,  nine  inches  lon^, 
the  small  ends  one-quarter  inch  tK)re,  and  the  large  ones  varying  fn-in 
three-fourths  to  Sj  inches.  Thev  wen;  made  of  tin  plale,  the  seams  were 
IccDod,  and  no  particular  care  was  taken  in  their  formation.  From  nu- 
frerous  trials  with  them  in  a  variety  of  ways,  wc  obtained  the  best  rcsulu 
With  two.  one  of  which  was  1 J  inches  at  the  large  end,  atid  the  otiier  scvcd- 
eightlis.  But  of  these  the  latter,  marked  C  in  tlie  cut,  generally  caused  the 
water  to  rise  highest  in  the  exhausting  tube. 

The  discharging  end  of  No.  211  extended  \\  inches  from  the  joint, 
and  the  opposite  end  2j  inches.  When  blown 
through  in  the  direction  of  the  arrow,  part  of 
the  current  descended  through  the  water,  but 
when  the  conical  pipe  C  was  heid  close  to  the 
discharging  end  the  liquid  rose  in  tlie  vertical 
pipe  9J  inches.  A  quarter  of  an  inch  was  next 
cut  off  the  discharging  end  and  C  again  a|»- 
plied,  when  the  water  rose  12  inches.  The 
end  was  next  remered  out  with  the  tapered 
prong  of  a  file,  when  the  water  rose  (witliout 
C)  11  inches.  Another  portion  was  next  cut 
off,  leaving  only  half  an  inch  in  front  of  the 
joint,  and  the  end  swelled  out  as  before.  u(>oa 
which  the  rise  was  7J  inches ;  but  when  C 
was  Applied  the  water  rose  17J  inches. 
In  all  the  trials  with  C  it  was  .lecessary,  in  order  to  obtain  the  heii 
results,  that  its  axis  should  coincide  with  that  of  tlie  blowing  tul>e ;  other- 
wise the  current  of  air  is  deflected  in  its  passage.  The  length  of  the 
blowing  end  of  the  lube  should  be  no  more  than  what  is  necessary  togiva 
a  slraifjht  direction  to  the  current.  If  longer  than  this,  the  velocity  «iul| 
•treiiglh  of  the  blast  is  unnecessarily  diminished  by  friction  aguiiut  the 
prolonged  .sides.  The  blowing  tube  should  also  be  straight  and  smodh 
within  ;  for  the  energy  of  the  blast  is  less  diminished  in  passing  thruugli  » 
slraiglit  than  through  a  crooked  channel — through  a  smoothly  ptilishrj 
tube  than  through  one  whose  interior  is  marked  with  a»pcrities.  Moreover, 
dints  or  bruises  in  a  pipe  produce  counter  current*,  and  materially  dituiuiih 
the  ascent  of  the  liquid.  In  small  tubes,  the  end  received  into  the  mouth 
[>ight  bo  enlarged  or  cut  obliquely  to  facilitate  die  entrance  of  the  airi 
for  if  the  fluid  be  retarded  in  its  entrance,  part  of  the  force  exerted  by  llw 
lungs  is  uselessly  expended.  It  is  immaterial  in  what  position  the  blovrinf 
tube  is  used. 

In  No.  212  the  blowing  tube  was  jointed  to  the  exhausting  one  at  an  an|;le 
ot  20'^.  The  part  in  advance  of  the  joint  was  Ij  inches.  Upon  trial,  the  liijijiil 
lose  seven  inches.  Tlie  tube  D  was  apj>lied,  (its  small  end  being  cnlargnl 
to  five-sixteenths)  and  the  water  rose  nine  inches.  The  tube  was  Uien 
swelled  out  by  the  prong  of  a  file  until  its  oiifice  was  seven-sixteenths  of 
an  inch,  when  the  rise  was  lOJ  inches.  D  was  then  applied,  its  end  en- 
tering the  other,  and  the  water  rose  IS  inches.     Previous  to  this  trial  C 
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h»(i  becore  ilightly  bruised  in  the  middle  of  iu  length  by  a  full;  thn 
Ti'u  %e%  were  tiikcn  out,  and  tlie  water  rose  24  inches.  Various  portions 
Were  cut  fro  n  tlie  large  end  of  D,  but  no  diminution  of  the  rise  occurred 
while  3j  inches  remained,  and  this  length  from  aeveral  trials  gave  better 
result*  than  \'hei   the  lube  was  made  shorter. 

In  No.  213,  the  discharging  end  of  the  blowing  tube  was  1 J  inches  long. 
Witho'it  any  additional  tulie,  the  water  rose  Iti  Inches.  The  end  was 
swelled  out,  and  the  litiuid  rose  19  inches.  D  was  applied,  and  it  rose 
29  inches.  C  was  then  tried,  which  made  the  licjuid  ascend  31  inches. 
The  disc^'^rging  end  was  reduced  in  length  from  an  inch  and  a  half  to 
hnlf  an  inch,  nti'i  the  elevation  of  the  liquid  was  diminished,  both  with  and 
without  the  additiona4  tubes  C  and  D. 

Two  other  tulws  connected  like  No.  213  were  also  tried.  From  alight 
rarintions  in  the  dimensions  of  the  paisagc  way  over  the  end  of  the  ex- 
hiust'Tig  tuln.",  the  results  varied.  Without  the  additional  tube  C,  one 
raised  tJie  water  only  seven  inches,  while  witli  C  the  rise  was  17  inches. 
The  other  alone  raised  the  liquid  14  inches,  and  with  C  20^  inches. 

It  has  l)een  seen  from  preceding  expeiiments,  that  when  two  tubes  of 
the  same  bore  are  united,  a*  in  Nos.  203,  204  and  211.  part  of  the  current 
ttor  tin.'  mouth  will  descend  the  vertical  one,  if  but  half  an  inch  or  even 
lo»  of  the  discharging  end  project  lieyond  the  joint.  To  ascertain  at  what 
1  «ta'ice  from  the  joint  this  descent  of  the  current  could  Im?  couiitenicted 
W  additional  tubes,  we  connected  two  pieces  of  leaden  pipe  (A  and  B) 
a v«>- sixteenths  of  an  inch  bore  to  each  other,  as  in  the  Hgure.      A  was  15 

-  ^ ^  inches  long;   B  four  inches, 

and  joined  tolheotherthrec 
inches  from  the  blowing 
end,  thus  leaving  12  inches 
in  front  of  the  joint.  The 
iy^g,4_  lower  end  of  B  dipped  not 

n^jre  than  one-tenih  of  ati 
inch  in  water.  A  falH^^ed  pipe,  C,  whose  v/ido  end  was  1^  inches  and 
the  small  one  five-sixteenth?  was  atti-.ched  to  A,  and  i'po;i  blowmg  ihro'jgh 
A.  part  of  tlie  blast  descended  through  B.  Small  portions  were  then  suc- 
cessively cut  off  the  discharging  end  of  A,  until  liie  air  ceased  ".o  descend 
in  B.  When  nine  inches  remained  in  front  of  the  joint,  bi't  c  solitary 
bubble  or  two  escaped  through  the  water,  and  after  another  inch  wis  re- 
moved, leaving  eight  inches  in  front,  the  whole  Current  from  lli?  lungs 
passed  ihrougii  A.  The  conical  tube  was  nine  inchea  long,  and  after  the 
last  result  it  was  divided  at  !•,  four  inches  troni  the  end.  Upon  removing 
the  part  thus  cut  off,  air  again  dtsccndi^  through  B. 

From  this  experiment  wo  see  that  the  influence  of  such  terminations  as 
C  to  cylindrical  air  tubes,  extends  to  a  distance  equal  to  2.5  time?  the  tube's 
diatnclcr.  I»  is  however  modified  by  the  veloc:',y  of  the  motive  current. 
When  high  sf^am  is  used  instead  of  air,  the  distanco  is  greatly  diminished. 
«od  in  some  cases  annihilated.  A  smoky  chiznnoy,  or  one  with  a  feeble 
^.•Hlt,  may  be  cured  by  enlarging  its  upper  part,  liice  the  additional  tube  C 
\f.  the  last  figure.  The  reason  wiiv  an  equal  ansount  of  rise  in  tlie  exhaust- 
ing tube  is  not  productd  by  additional  ones  to  such  devices  as  No.  213, 
arises  no  doubt  from  the  projection  of  the  exhausting  tube  into  the  blow  ing 
one,  which  prevents  the  blast  from  sweeping  directly  into  the  conical  one 
ttw\  filling  the  latter,  a  condition  necessary  to  the  increased  ascent. 

Some  apjilications  of  the  principle  illustrated  by  the  preceding  experi- 
rrents  rnav  be  noticed  : — 1.  In  siphons  for  di-cai:iing  corroding  or  other 
hquids — fur  which  see   rciriark.4  un   these   instruments   in   a  subsequent 
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chapter.     2.  lncrva»ing  tin-  Ji-aTt  of  chimneys,  as  well  as  prBV;fa.'ng  then 
from  smoking.     Inateiii  ut'liic-  ulj  fu^lii'ined  ca\ta  of  clay  or  tiie  movctabli 

lines  of  inin,  lut  ihum  b(^  made  in  the  formol 
^^■f^,  tl'e  annexed  figure,  and  eillier  of  «heet  irun  <> 
caliper.  A  short  pipe  should  he  fixed  on  tht 
chiranuy,  and  over  it  an  outer  one  (shown  ia 
the  cut)  to  turn  freely,  but  as  close  as  {.  jssiM 
without  touching,  that  the  horizontal  sne  to 
which  the  luller  is  attached  may  vorr  round 
with  the  wind.  The  vane  V  keeps  tho  oppo> 
site  end  A  to  the  wind,  which  enters  as  inji- 
cated  hy  the  straight  arrow,  and  in  pa.<stng 
through  sweeps  over  the  pmjection  and  causes 
Mg^SIa^  n  vacuum  in  the  chimney,  aa  in  the  blowing 

tubes  already  described. 
A  device  of  this  kind  might  be  made  to  act  in  windy  weather  as  a  per- 
petual l>cllo\vs  to  bWt  or  reKning  furnaces,  and  also  to  those  of  steam- 
boats and  Icjcomotlve  carriitges.  When  used  on  chimneys  of  the  latter,  i 
contrivance  to  turn  and  keep  the  Ijlowing  tube  fore  and  aft,  as  the  carriage  is 
turned,  would  be  re<]uired.  The  joint  where  the  perpendicular  tube  lioves 
over  the  fixed  one  might  »lso  be  made  air-tight  by  an  amalgam,  on  the 
principle  of  the  water  lute.  From  the  exi>eriments  with  the  tubes  No«. 
206,  '7,  '8,  '9,  '10  and  '13,  it  follows  that  i(  the  waste  steam  of  a  locomo- 
tive carriage  were  discharged  over  the  mouth  of  the  chimney  as  above, 
instead  of  up  its  centre,  the  resulting  vacuum  would  be  greater. 

It  is  worth  while  to  try  whether  wells,  mines,  and  the  holds  of  sbini, 
C4>uld  not  be  more  speedily  and  effectually  ventilated  by  a  similar  device 
than  by  the  comnion  wind  sails  used  in  the  latter.  These  displace  the 
noxious  vapors  by  mixing  fresh  air  with  tliem,  but  by  the  pmjxiscd  plan 
tlie  foul  air  might  be  drawn  up  alone,  while  the  atmosphere  would  causi; 
a  steady  and  copious  supply  to  stream  in  at  every  avenue. 

If  tAo  or  three  exhausting  tubes,  of  metal  or  of  any  other  suitable  ma- 
terial, (whose  diaitetcr  for  t  ship  of  the  largest  class  need  not  exceed 
three  or  four  inches)  ware  perr^ianer.tly  secured  in  a  vessel,  their  lower 
er.ds  teiminating  in  or  communicaiing  with  those  parts  where  noxioui 
e.'fluvia  ch-efij  acci'muiatee,  end  the  upper  ends  leading  to  any  convriuent 
part  of  the  deck,  sides  or  stem,  so  that  tha  blowing  part  could  readily  be 
slipped  tight  into  or  ovtr  them,  the  intsrior  tnighl  be  almost  e3  well  veir 
tilatcd,  even  when  the  har.ches  were  cJl  down,  as  the  ap-.r»m«!Drs  o(  sn 
ordinary  dwelling.  It  appears  to  us  moreover,  that  a  vcssol  mi^ht  by  tliu 
means  l>e  always  kept  charged  with  fresh  and  pure  air ;  fur  the  apparwos 
might  be  in  operation  at  all  times,  day  and  night,  acting  as  a  pen"''ii»J 
pump  in  drawing  off  the  miasmata.  The  only  attention  recjuircd  uiiuld 
ba,  to  secure  the  blowing  tubo  in  its  proper  position  with  regard  to  ihr 
wind  during  storms.  In  ordinary  weather  its  movomentii  rniebt  be  rejpi- 
l.tted  by  a  vane,  as  in  the  figure,  when  it  wotild  require  no  attention  wh«t' 
e\er.  The  upper  side  o£  iho  blowing  part  of  the  tube  should  be  cut  p«rll> 
■  way  at  the  end,  so  as  to  fivcilitutc  the  entrance  of  descending  curr<!nlsal 
wind.     Sec  the  above  figure. 
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CHAPTER    III. 


\acuun  b3  currtiiU  of  vfutm — Variuui  miMin  of  ■pplyinf  tbcm  iu  blowiuf  luti«» — rxperiMtul»-* 
EiBct^  of  CO  itcal  (Out«f  r>— Kp*uIu  oC  »l>|Eh:  rhant'C'  iit  Oie  pti«ilM>Q  or  \eu;uuiu  lubr»  nidiiu  li1>»wl(;| 
run — iNfuUlt*  hluMiKf  lulte— £xp«r)iii«ou  Willi  II — R«i«iuf  wiler  Uy  currents  or  Kpalii — VfiiliUli^u  of 
■inr» — Kxp«riinrutal  appMrtttuii  for  caiiceolritinf  "irujik  in  VRt:ut>— Dmwiuy  air  throuvti  ll((ui(li  (o  pr9 
mtlie  llwir  evaporitiun — Rein«rki  on  tbe  origin  of  ubuiniaf  a  vacuuin  by  currruu  of  •Irnm. 


As  ihe  utmost  rarefaction  which  can  be  protluccd  with  hlowinj;  tiibci 
by  the  lungs  is  exceedingly  liniitetl.  we  next  endeavored  to  ascertain  ho\7 
far  it  cciuld  l>c  carried  witli  currents  of  ttcum.  This  fluid  presents  several 
iidvanloges.  By  it  a  uniform  blaiit  can  be  obtained  and  ke]>t  up,  nnd  its 
intensity  can  be  increased  or  diminished  at  pleasure:  hence  experiments 
with  it  car  be  continued,  repeated  or  varied,  till  the  results  can  be  relied 
on.  Ao  it  is  inconvenient  to  measure  high  degrees  of  rarefaction  by  col- 
umns of  water,  mercury  was  employed  for  that  purpose ;  and  as  the 
blowing  r'llws  lie.  if  made  of  lead  or  block  tin  would  have  become  soft 
and  betiL  by  llie  heal,  they  were  all  made  of  copper,  while  the  additional 
or  conical  lubes  (generally)  were  of  cast  brass,  and  smoothly  bored.  .\ 
detail  of  all  or  even  li:ilf  the  experiments  made  would  possess  no  interest 
to  general  readers,  and  would  be  out  of  place  here  ;  we  therefore  merely 
notice  such  as  gave  the  best  results.  The  force  of  the  h'.^iest  steam  'ised 
was  ecpial  to  a  pressure  of  90  pounds  on  the  inch.  It  was  measured  by 
the  hydrostatic  safety-valve  described  in  the  Journal  of  the  Franklin  Insti- 
tute, vol.  X  2d  series,  page  2. 

While  engaged  in  tlie  prosecution  of  this  subject,  we  supposed  that  cur- 
rents of  steam  had  never  been  employed  to  produce  a  vacuum  ;  but  it  will 
i>e  seen  towards  the  close  of  the  chapter,  that  we  were  anticipated  by  a 
French  gentleman,  though  to  what  extent  we  are  yet  uninformed.  We 
were  not  aware  of  the  fact  until  all  the  following  e.xneriments  had  been 
matured,  and  most  of  them  repeatedly  performed.  The  circumstance  af 
fords  another  example  of  those  coincidences  of  mental  and  mechanical 
eiTort  and  resource  with  which  the  history  of  the  arta  is  and  always  will 
be  crowded.  The  shoemakers'  awl  was  formerly  straight,  but  is  now  bent .' 
the  author  of  the  improvement  was  supposed  to  have  lived  in  coiiiparalively 
troilern  times;  but  recent  researches  among  the  monuments  of  Egyp' 
have  proved,  that  the  artists  who  made  shoes  and  wrought  in  leather  uiidoi 
the  Pharaohs  used  awls  i<lcntical  in  shape  with  the  modern  ones. 

The  expenditure  of  high  steam  through  open  blowing  tubes  i.ko  tliost 
fiyiire<l  in  Nos.  203  and  204  would  obviously  he  enormous,  situe  there  ii 
nothing  in  them  to  prevent  its  passing  freely  through.  They  arc  not  there- 
fore so  well  calculated  for  practical  operations  as  those  in  which  the  end 
of  the  exhausting  pipe  projects  into  the  blowing  one  and  contracts  the 
passage  for  the  vapor,  as  in  Nos.  205 — 210.  These  are  also  better  on 
ttoother  account — they  produce  a  Iwtter  vacuum.  Economy  in  the  em- 
ployment of  steam  is  of  the  first  im(K)rtatice  ;  hence  it  was  desirable  to 
determine  if  possible  that  [)articular  tonstnitlinn  of  the  apparatus  by  which 
the  highest  degree  of  raretitction  may  be.  obtained  with  the  least  exjieiiji- 
ture  <if  vapor.  Fortunately  for  the  solution  of  this  problem,  thi-re  is  una 
funn  of  the  apparatus  io  which  lioth  are  eminently  cofi^b'i'.ed :  for  yvhila 
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m  inctease  of  the  steam's  elasticity  iiicrea»ed  the  vaonim,  nn  increase  J 
discharge  of  the  vapor  was  often  found  to  diminish  it.  This  was  fn-tiurnfly 
the  case  when  high  steam  was  employed  :  for  example,  if  the  cttck  tlirougii 
which  steam  passed  into  the  blowing  lube  marked  C  in  No.  217  was  wide 
open,  the  mercury  would  sometimes  fall  two  or  three  inchfs,  but  when 
sirtially  closed,  would  iiislantly  rise;  thus  indicating  thai  it  is  the  volocify 
aid  not  the  volume  of  vapor  passing  over  llie  orihce  of  the  cxliuual'ng 
3  )c,  upi'C  which  the  vacuum  depends. 


Ntt.  310.        No.aiT. 


No.  218. 


No  SIS. 


We  first  passed  steam  through  tul>es  connected  like  No.  213,  both  wili 
and  without  the  conical  ajutages  C  I)  in  Nos.  211  and  212.  Various  pro- 
portions f>r  the  steam  passage  over  the  orifices  of  the  vacuum  or  exhausting 
pipes  were  also  employed,  as  at  A,  B,  C,  D,  E,  No.  216,  which  re|)re- 
sent  horizontal  sections  of  the  vacuum  pipe  and  steam  passage  over  il» 
orifice.  The  dark  parts  show  the  passage  for  the  steam,  and  the  inner 
circle  the  mouth  of  the  vacuum  tube.  In  A  the  steam  cliannel  did  not 
extend  over  one-fourth  of  the  circumference  of  the  orifice;  in  B  it  re-.chej 
nearly  halfway  round  ;  in  C  three-fourths  ;  while  in  D  and  E  it  exleiulcd 
tnliri'ly  round.  Upon  trial,  the  vacuum  produced  by  B  was  greater  than 
that  by  A;  C  surpassed  B,  and  0  uniforinly  exceeded  them  all.  Wii 
iherelore  finally  arranged  the  appurains  as  shown  at  No.  217,  in  which  A 
is  a  bra-ts  ttil)e  composed  of  two  conical  frustums  united  at  their  lesser 
ends.  The  longer  part,  A,  was  smoiithly  bored  and  polished  in  the  direc- 
tion of  its  length,  to  remove  any  minute  ridges  li^ft  by  the  borer.  This 
interior  diamelKr  of  the  large  end  was  an  inch  and  an  eighth,  and  of  tliR 
■maltost  pai-t  nineteen-fortieth.^  (rather  less  than  half  ar.  inch.)  The  ex- 
ternal diameter  of  the  vacuum  pine  B  was  seventeen-fortietlis,  so  that  the 
annular  space  left  round  it  for  the  steam  was  only  one-fortieth  of  on  inch 
in  width,  b<'ing  about  as  small  a  space  as  could  -veil  bo  formed  without 
the  pi)iu  B  to.iohing  A.  The  length  of  A  from  the  contracted  part  wm 
CJ  inches.     A  jiass  tube  three  feet  long,  whow;  lower  end  was  placed  w 
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a  vestcl  n**  o':ii:ksi1ver,  was  atlacheil  to  B,  and  a  scale  tc  measure  tha 
ascent  if  tl-.«;  nictcurial  column. 

Wlien  the  p"?ssure  of  the  sloain  in  die  boiler  was  equal  to  30  pounds 
on  the  incii  exclusive  of  atmos{)hL'ric  pressure,  and  the  s'eam  cock  C 
opened,  (the  hole  in  its  plug  waa  Hvc-sixteentlis  of  an  inch  in  diameter) 
llie  mercury  rosM!  9  inches  in  the  vacuum  tube  B.  When  the  steam  was 
at  40  pounds,  the  mercury  rose  15^  inches.  At  50  pounds  it  readied  over 
18  inches,  at  CO  pounds  over  19  inches,  and  at  70  j>ounds  21  inches.  At 
80  pounds  it  was  only  21  inches,  but  on  partially  closing  the  rock  it  sprung 
up  to  22  inches.  When  the  steam  was  at  90  pounds  on  the  inch,  the  mer- 
cury fell  to  20  inches,  but  on  turning  the  plug  of  C  it  rose  to  22  inches. 
These  experiments  were  repeated  several  times  and  on  difiereut  occasioDi 
witliniit  materially  altering  the  results. 

The  effect  of  additional  tubes  in.serted  into  the  open  end  of  A  was  next 
observed.  Ten  or  twelve  of  these  were  made  of  tin  plate,  and  of  different 
lengths  and  taper.  The  snf.all  ends  of  all  were  half  an  inch  in  diameter, 
and  made  very  thin,  so  as  to  slide  into  A  nearly  up  to  the  contracted  part, 
and  at  the  same  time  to  present  (he  least  projection  possible  to  the  issuing 
current.  The  tiSec;  of  three  of  these  tubes,  two  of  which  gave  the  best 
results,  are  stated  :!i  the  following  table.  The  tube  No.  1  was  14  inches 
long,  and  its  wide  end  \\  inches  across.  No.  2  was  27  inches  long,  and  1  j 
in  d.iimeler  cl  lis  n:onth.  No.  3  was  five  feet  long,  and  its  mouth  or  wide 
end  SJ  inches  iti  d'urreter. 


IPrcMiirv  of  ■team  lm  pittwlt 
on  cmtf  ^lyiire  mcU. 
30       - 
b  40 

I  60 

I  CO 

I  70 

I  80 


90 


VocuHin  In  hichoi  of  mercury 
wiita  K(i|)iirmiiM  No.  81 4. 

9 

-  155      - 

-  IS.l      - 
19.6      - 

•  21 

-  21 

-  22 

-  20 

-  22 


TACrt'M    WITH    ADDITtOHAl.  TVIKIL 

No  I.        No.  S.        No.  J. 


10 

11 

17 

18 

20 

20.5 

20.5 

22 

21.5 

22.S 

22 

23.5 

22 

235 

20 

21 

22 

— 

10.5 


1G.5 


nn 


In  av!j- jt;n<T  an  ii'j.-iitionn!  tube  it  was  moved  till  its  axis  coincided  with 
hat  of  A.  This  was  ascertained  by  the  mercury,  which  oscillated  with 
every  movement  of  the  tube,  but  always  rose  when  it  was  in  the  position 
Indicated.  On  one  occasion,  when  the  mercury  stood  at  15  inrlies,  the 
additional  tube  No.  1  was  slipped  into  A  and  the  mercury  fe"  to  12  niches; 
but  this  was  caused  by  pushing  the  tube  in  too  far,  i.  e.  tdl  it  icuclied  the 
vacuum  pipe — for  on  withdrawing  it  and  sweliing  out  tlie  end  a  lilllc.  the 
mercury  rose  to  17  inches  on  the  tube  being  reinserti'd,  A  sna'l  adiiilion 
was  iTiade  to  the  wide  end  of  No.  1,  so  that  it  flared  out  like  a  iiumpel: 
an  trying  it,  the  mercii-y  stood  txvo  inches  lower  than  before. 

The  fall  of  the  dn-rcury  when  the  steam  was  raised  to  90  pounds,  was 
•uile  unexpected.  It  was  at  first  supposed  to  have  been  caused  by  a 
rong  position  of  the  additional  lube,  and  then  to  some  small  object  lodged 
J  the  steam  between  the  vacuum  and  the  blowing  pijies;  but  on  i;xami- 
nation  nothing  of  the  kind  was  fdimd.  As  the  mercury  still  refused  to  nse, 
we  tried  another  apparatus  similar  in  all  respects  to  No.  217,  except  being 
of  rather  larger  dimensions  ;  but  the  same  thing  occurred.  When  the 
(team  was  at  30  pounds  the  mercury  stood  at  7^  in-jhes — at  50  pounds  17 
inche?—  at  60  pounds  20  inches — at  70  poiinda  22  inches — at  SO  p'lundk 
£''J  iiibhes — and  at  90  poimds  20  iiichea !     Several  experiii>e'it3  seoz^nd 
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to  indicate  that  the  length  anJ  taper  of  the  additintial  tubes  should  »»ry 
with  the  f)rce  of  the  sicatn,  and  that  tlie  annular  passage  for  tlic  vapor 
should  be  contracted  as  the  elastic  force  of  the  slcam  was  ii:crt;a«>'d. 

CyUndri-cal  pipes  applied  to  the  mouth  of  A,  or  to  those  of  tho  ti\i\- 
tinnal  tulies,  caused  the  mercury  to  fall ;  but  any  piano  object  held  against 
the  current  issuina;  from  A,  did  not  affect  the  vacuum.  A  piece  of  board 
was  gradually  brought  to  within  one-fourth  of  an  incA  of  the  end  of  A,  and 
of  course  deflected  the  steam  at  right  angles;  yet  the  vacuum  was  not  in 
the  least  dlniiiil:jlied  until  the  Ixiard  was  pushed  still  nearer.  By  applying 
the  large  ends  of  the  additional  tubes  to  A  the  vacuum  was  diminished. 

The  noiso  made  by  the  steam  issumg  from  A  is  indicntive  of  tlie  stale 
'if  the  vacuum.  If  it  be  loud  and  sonorous,  the  vacuum  is  not  near  so  Lii;h 
as  whuti  the  sound  is  less  and  /iLising.  In  the  former  case  there  i«  generally 
too  much  steam  escaping — the  cock  should  be  parliBlly  closed. 

No.  21S  is  a  vertical  and  a  horizontal  section  of  the  device  by  means  of 
which  the  vacuum  tube  was  retained  in  a  position  eitlicr  eccentric  or  con- 
centric with  the  blowing  one,  and  by  which  it  could  be  drawn  to  one  side 
80  as  to  touch  the  narrowest  part  of  the  latter.  Three  fine  screws  with 
blunt  ends  were  tapped  at  equal  distances  from  each  other  into  solid  pro- 
jections cast  on  A,  IJ  inches  below  the  contracted  part.  By  these,  the 
exact  position  of  the  vacuum  tube  which  gave  the  best  result  was  accu- 
rately ascertiiined  ;  and  it  was  remarkable  how  small  a  change  in  its  posi- 
tion affected  the  rai-rouriiil  c.otumn.  A  few  exampiles  are  annexed  : — I. 
The  steam  iti  the  boiler  being  low,  and  the  mercury  standing  at  3J  inches 
only,  the  vacuum  tube  was  drawn  by  the  screws  so  as  barely  to  touch  A, 
and  insiiintly  the  mercury  fell  to  2  inches.  2.  When  the  pipes  were  clear 
of  each,  and  thi;  mercury  19J  inches  high,  as  soon  as  they  touched  it  fell 
to  16  inches.  Similar  results  took  place  whatever  might  be  the  force  of 
the  steam.  3.  The  mercury  fell  also  when  the  axis  of  both  tubes  did  not 
quite  coincide,  although  a  clear  passage  still  remained  for  the  steam,  as 
shown  at  E,  No.  216.  In  this  case,  as  in  the  others,  the  greater  flow  of 
vapvir  on  one  side  probalily  created  cross  currents  in  A,  after  passing  the 
contracted  part.  On  one  occasion,  the  mercury  suddenly  fell  several  inches 
while  the  pipes  were  concentric  with  each  other.  Upon  examination  thii 
was  found  to  be  owing  to  a  minute  piece  of  grit,  or  a  film  of  lead,  blown 
by  the  steam  between  the  two  pipes,  where  it  was  wcdgi'd  in.  It  did  not 
exceed  one-sixteenth  of  an  inch  in  any  direction.  It  produced  the  same 
effect  as  when  the  pipes  touched.  Upon  removing  it,  the  steam  rose  u 
before. 

Another  point  necessary  to  be  attended  to  is  the  position  of  the  orificD 
of  the  vacuum  pipe  with  respect  to  ihe  narrowest  part  oT  the  blowing  one; 
i.  e.  whether  in  a  line  with  it,  or  in  advance,  or  behind  it,  as  fitrured  at  A 
B  C  No.  Si  19.  To  test  the  effect  of  these  vanous  positions,  the  vacuum 
pipe  was  so  arranged  by  a  screw  cut  on  it,  as  lo  l>e  pushed  in  or  drawn 
back  at  pleasure.  In  one  experiment,  the  mercury  stood  at  21  inchci 
when  they  were  on  a  line,  as  at  A.  The  vacuum  tul)e  was  pushed  for- 
ward three-sixteenths  of  an  inch  williout  any  change  in  the  vacuum;  but 
when  the  pipe  protruded  three-eighths,  as  at  B,  the  mercury  fell  to  18 
inches.  It  was  then  drawn  behind  the  contracted  part  of  A,  anil  the  mer- 
cury instantly  began  to  full.  When  the  orifice  was  one-fourth  of  an  inch 
behind,  the  mercury  fell  from  21  inches  to  4  ;  and  when  drawn  b.ick  one- 
eighth  -)f  iin  inch  more,  as  at  C,  the  steam  descended  the  vacuum  tubeanJ 
blew  the  mercury  out  of  the  vessel  that  contained  iL  In  another  exix'ri- 
meiit,  the  vacuum  lube  was  one- fourth  of  an  inch  in  advance  of  the  con 
IracteJ  nar^  imd  the  mercury  20  inches  high :  when  the  tube  w  as  drsMi 
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^Hfk  so  tliat  its  end  was  in  a  line  with   the  contracted  part,  tJie  mercury 
^^e  Salf  an  iticu.     When  drawn  back  one-eighth  of  an  inch,   it  fell  tc 

17^  inches, 
HHThat  part  of  the  vacuum  tube  within  the  steam  chamber,  or  back  end 
^^^.  should  be  sti'night,  and  its  axis  should  coincide  as  nearly  as  possible 
^fJth  that  of  A,  else  the  vapor  in  passing  over  the  orifice  will  be  more  or 
.  less  deflected  to  one  side,  and  thus  diminish  the  vacuum. 
^■AjtKougb  the  blowing  tube  figured  at  No.  217  has  its  mouth  opening 
P^plrards,  in  practice  we  used  it  in  a  horizontal  position,  as  at  No.  :^I9,  ur 
'  rather  inclined  downwards,  as  at  No.  221,  that  the  condensed  vapor  miglit 
^jot  fail  hack  and  enter  the  vacuum  tube. 

^^Ko.  £i.3  represents  another  modification   of  this  mode  of  removing  at- 

WK  I  mospheric  pressure,  by  which  the  vacuum  may  be  carried  to 

I     I  a  greater  extent  than  with  No.  217.     It  con.sists  of  two  blow- 

I    I  '"&  tubes  attached  to  one  vacuum  pipe.     The  lower  blowing 

I  J  tube  in  its  narrowest  part  was  seven-twentieths  of  an  inch  in 

I  r^j4»    dlatr.eter,  and  the  annular  passage  for  the  steam  between  it 

II  ^2'^  ""'^  '''®  vacuum  pipe  was  only  one-fiftieth  of  an  inch  in  width. 
4  iv  *r      '^^'^  bore  of  the  steam  cock  and  pipe  C  was  three-tenths  of  an 

inch.  'J'iie  upper  end  of  the  lower  blowing  tube  was  half  on 
inch  in  diameter,  and  terminated  at  the  contracted  part  of  a 
larfTor  one,  I),  where  a  space  of  one-thirtieth  of  an  inch  was 
left  fi)r  tiip  steam  between  them.  D  was  six  inches  long,  and 
its  upper  end  an  inch  in  diameter.  It  was  also  furnished  with 
steam  by  the  pipe  and  rock  E.  (Both  blowing  tulx's  in 
the  accompanying  illustration  are  figured  too  larjie  for  the 
exhausting  one.) 

When  this  device  was  tried,  the  safety-valve  of  the  boiler 

indicated  a  pressure  of  40  pounds  on  the  inch.     The  cock  E 

was  first  opened,  and  as  the  steam  rushed  from  D  the  mercury 

rose  8  inches.     E  was  then  closed  and  C  opened,  upon  which 

the  mercury  rose  8.S  inches.      Both  cocks  were  then  opened, 

and  the  mercury  rose  16.6  inches. 

When  the  steam  was  at  6v)  pounds  and  E  opened,  the  merciiriiil  column 

VU  9  inches.      With  E  closcrl  and    C    opened    it    rose    15  inches.      Both 

^■^s  were  next  opened,  and  the  height  was  increased  to  20  inches. 

^^pleam  at  SO  pounds  and  E  open,  the  mercury  stood  at  17.5  inches.     C 

'  open  and  E  shut,  it  rose  to  21  incites;  and   when   both  were  openeii,  it 

reach  id  tc.  24^  inches.      The  addition   of  another   blowing   tube   over  D 

wculd  most  likely  have  carried  it  to  the  full  height  of  the  barometer.     If 

D  wero  ing.'rted  in  a  chimney  in  the  direction   of  the   flue,   it   would    not 

only  increase  the  draft,  but  the  drtift  wnutil  increase  the  vacuum. 

The  steam  pipe  that  supplied  D  was  then  unscrewed  fVom  the  cock  E, 
which  was  left  open.  The  cock  C  was  again  opened,  and  the  mercury 
•ose  as  before  to  21  inches,  the  nir  rushing  through  E  producing  no  efTect 
>n  the  column  except  rtndc-ring  its  surface  slightly  concave.  By  often 
dosing  and  opening  the  orifice  of  E  with  the  finger,  no  sensible  change  in 
jie  vacuum  -^ould  be  perceived. 

After  removiiiff  the  vessel  of  mercury  from  the  bottom  of  the  vacuum 
pipe,  a  piece  of  twine  several  yards  In  longth  which  hiippened  to  he  laying 
on  the  ground  near  by,  was  drawn  into  the  tube  and  discharged  through 
D.  This  was  repealed  several  times.  By  presenting  one  end  near  the 
end  of  the  gloss  tnljc,  the  whole  was  almost  instantaneously  drawn  up  ^nj 
thrown  out  by  the  steam,  alihough  the  vacuum  tube  was  continued  in  a 
horlsuntal  position  nearly  two  feet  before  it  was  connected   to  the  glass 
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one.     On  applying  a  vessel  of  sand,  and  another  of  water,  to  the  end  f^ 
llie  tul>e,  the  contents  of  liotli  were  raised  and  discharged  in  the  &anic  wa''. 

The  vacuum  tube  of  No.  220  was  connected  to  a  soda  fountain,  sntl  ti\ 
opening  one-sixteotith  of  an  incli  diameter  made  in  the  latter  to  admit  air. 
The  mercury  previous  to  making  this  opening  stood  at  16  inches,  »tii]  it 
Still  remained  at  that  height.  '1  he  opening  was  next  %videned  to  one- 
eighth  of  an  inch,  when  the  mercury  fell  to  12  inches.  The  operin^  'm 
then  made  as  large  as  the  bore  of  the  vacuum  lube,  (about  five-ftixtevuthi] 
upon  which  the  mercury  fell  to  six  inches. 

It  is  obvious  that  by  connecting  one  of  lhe«e  blowing  instruments  to  an 
air-tight  vessel,  water  may  be  raisi.'d  into  the  latter  by  I  tie  atmosphere,  and 
to  an  elevation  corresponding  with  the  vacuum.  In  one  of  our  earliest 
experiments,  we  attached  a  blowing  tube  to  a  soda  frtuntain  placed  22  feel 
above  the  surface  of  the  water  in  a  well,  into  which  a  pipe  deseeiid«d  from 
the  upper  part  of  the  fountain.  Bui  by  arranging  a  series  of  close  vessel* 
at  certain  distances  above  each  other,  (according  to  the  extent  of  the  vacu- 
um obtained  by  the  apparatus)  water  may  be  raised  ni  this  manner  to  any 
elevation — the  pressure  of  the  atmosphere  transferring  it  from  one  vewel 
to  another  till  it  arrive  at  tlic  place  of  discharge,  as  in  Paj)in's  plan,  de- 
scribed at  page  447-8.  An  Engli.sh  patent  was  granteil  in  1S39  t\jr&very 
elaborate  French  machine  of  this  kind.  See  Civil  Engineer  and  Airliiiect'l 
Journal,  vol.  iii,  page  51.  In  December  1840,  an  American  paient  was 
ohtaiiied  for  the  same  thins;  by  a  French  merchant  of  thU  city.  This  gen- 
fleman  has  had  one  constructed  from  drawings  sent  from  Paris.  The  nf- 
ceiving  vessels  were  12  feet  apart.  The  mode  of  applying  the  steam  is 
to  disiOiarge  it  at  the  orifice  of  the  vacuum  pipe,  over  a  siiia/l  jmrt  of  the 
periplfiy,  as  at  A  No.  216.  The  steam  however  does  not  come  in  contncc 
with  the  sides  of  the  vacuum  tube,  as  in  the  precoding  figures  No.  217  la 
220,  for  this  tube  does  not  form  one  of  the  walls  of  the  small  steam  cham- 
ber liehiiid  its  orifice — the  chamber  being  a  separate  part  complete  in  uself, 
and  having  a  semicircular  recess  formed  at  one  side,  into  which  the  vi. 
cuum  pipe  is  received.  There  is  therefore,  between  the  inteiior  of  the 
vacuum  tube  and  the  steam  without,  not  only  the  thickness  of  the  metal  nf 
which  thiit  lube  is  fabricated,  but  also  the  thickness  of  the  plate  of  which 
the  steam  chamber  is  made.  Floats  are  arranged  in  the  ir.terior  of  ibe 
receiving  vessels,  so  that  when  one  of  the  latter  is  filled  with  water  frntn 
the  one  below,  the  float  opens  a  valve  to  admit  the  atmosphere  to  prru 
the  contents  into  the  vessel  next  above  it. 

There  is  another  mode  of  raising  water  to  considerable  elevations  hv  nn 
apparatus  like  Nos.  217  and  220,  and  for  which  they  seem  much  better 
adapted  than  any  other,  viz.  by  admitting  portions  of  air  to  mix  with  the 
ascending  liquid,  as  in  the  examples  given  at  p|(.  224,  225.  No  air-tight 
receiver  would  then  be  required,  us  Imih  the  air  a/id  water  would  Im:  Jit- 
charged  with  the  steam  at  the  open  end  of  the  blowing  tube,  which,  for 
the  reason  already  stated,  should  tie  inclined  downwards. 

Wherever  large  volumes  of  air  are  re(juired  to  be  withilrawn,  as  in  ih* 
ventilation  of  mines,  these  in'lrumeiil.s  we  believe  would  be  fmind  as  e(B- 
cient  and  economical  as  any  device  yet  tried.  A  number  of  v«cui;m  t  jbes, 
■whose  lower  ends  were  made  to  terminate  in  dilTorent  parts  of  a  mine — 
(they  might  be  of  leather  or  otlier  flfxible  materials,  so  as  readily  to  be 
moved  wherever  re(iuired) — and  whose  upper  ones  were  connected  10 
one  or  more  blowing  tubes  thrcnigh  which  currents  of  steam  were  ciin- 
startly  passing,  would  efTutitUrtlly  witlidniw  the  noxious  vapors  from  below, 
and  induce  a  more  copious  supply  of  fresh  air  than  any  forcing  apparatoi 
could  ever  furnish.     The  waste  steam  cf  ei]gtnes  at  coal  or  other  minef 
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might  l>e  Ijftieficittlly  npplicil  to  Inrgc  blowing  tubes,  an  J  iJius  contributo 
«o  the  same  result. 

There  are  other  useful  Bpplirstiuns  of  these  blowing  instruments.  One 
of  our  first  altempfs  was  to  employ  tliem  as  substitutes  fur  the  exfjensive 
air-pumps  worketl  by  steam-engines,  employed  in  evaporaling  sirups  anJ 
reKning  sugar  by  Howard's  vacuum  plan. 


a 
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Nu.  m.    Apptniiiu  for  ■raporaciRf  tlquidi  in  vaenOh 

Wc  fitted  lip  a  very  strong  old  still,  (No.  2'Jl)  three  feet  in  diameter  t.na 
about  the  same  in  depth.  A  jacket  of  copper  was  fitted  to  it.s  lower  pjrt 
BO  as  to  form  u  double  Itottom.  The  di«;hiirgin?  pipe  passed  through  the 
ja«.ker,  and  was  closed  by  a  valve  V.  Steam  l>eiiig  conveyed  into  the 
jacket  heated  the  liquid  within  the  still,  but  instead  of  taking  steam  from 
the  U)iler  exj'ressly  for  this  purpo.«e,  we  made  use  of  that  by  which  the 
vacuum  wis  pnxjuced.  The  open  end  of  a  blowmg  lube  was  inserted 
into  the  jacket  as  represented  in  the  cut,  and  the  vacuum  lulie  B  connected 
by  a  cock  to  the  neck  of  the  still.  C  the  steam  cock  and  pipe  leading  to 
the  boiler.  I>  a  pipe  that  conveyed  the  surplus  steam  from  the  jacket 
nto  the  chimney.  The  orifice  of  the  vacuum  pipe  within  the  blowing  one 
was  ihree-eifHilhs  of  an  inch  diameter,  and  the  annular  space  around  it  for 
the  passage  of  the  steam  was  the  same  a.-*  in  No.  217.  At  the  first  trial 
With  this  ajipuratus,  25  gallons  of  sirup  were  put  into  the  still  through  the 
funnel,  and  the  cock  shut.  The  steam  cock  C  was  then  opened,  and  in  a 
few  iiiomenUi  the  mercury  in  the  gatige  rose  1.5  inches,  but  in  eight  minutes 
fell  to  10  inches,  the  fall  being  occasioned  by  the  evolution  of  vapor  in  the 
alilJ.  The  steam  in  the  boiler  was  raised  higher,  until  the  mercury  rose 
to  10  inches;  hut  after  the  operation  had  been  continued  about  half  an 
hour  it  commenced  rising,  ond  was  at  IS  inches  when  the  experiment  was 
cliMed.  On  aniHher  trial  32  gallons  of  sirup  were  poured  in,  and  when 
C  was  opened  the  mercury  rose  to  22  inches,  but  in  icn  minutes  fell  to  17. 
In  half  an  hour  it  began  slowly  to  rise,  and  in  fifteen  minutes  reached  to 
2C  inches,  at  which  height  it  remained  when  the  concentrated  sirup  wm 
wiliidrav/n. 

H'ld  L  double  tube  like  No.  220  been  used,  the  vacuum  might  probably 
nave  f/cen  carried  to  2S  or  29  inches,  and  the  o]jeration  performed  Wi  miicn 
lea*  lime.     The  cxpcrimcj.t  however  sbows  how  small  a  tul>e  cm  with 
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draw  the  vapor  arising  from  a  surface  of  soven  sqiiaiij  fi-et.  It  wnulj  1i« 
an  nijviiiitiigc  to  apply  two  or  perhaps  thrt-e  sepanilo  hlowing  lnliri,  of 
different  sizes,  to  each  sugar  pan — using  the  largest  Hrst,  to  liraw  otT  the 
the  bulk  of  the  vapor,  and  liiiishing  with  the  smaller  ones.  There  wnuM 
be  a  saving  of  sicarn,  and  ihe  viicuum  might  be  curried  higher  toward' 
the  close  of  an  operation  with  a  very  small  tulje  and  current. 

Another  mode  of  u<ing  these  tubes  to  promote  evaporation,  is  to  dr»w 
air  through  liquids  instead  of  forcing  it  through  them  with  pumps,  as  in 
the  pneum«tic  processe*  of  cimcentrating  sirups.  An  open  boiler,  four  feet 
in  diameter,  was  inverted  and  placed  in  another  over  a  fire  and  containing 
sirup  :  a  blowing  tube,  the  orifice  of  whose  vacuum  pipe  was  three-lbiirths 
of  an  inch  diiimeter,  was  connected  to  the  inverted  vessel,  and  it  drew  so 
much  air  under  the  etlges  as  to  oool  the  litjuid  to  »uch  a  degree  thnt  ibe 
operation  of  concentration  wa^t  prolonged  to  twice  the  ordinary  time. 

While  engaged  in  making  the  experiments  described  in  this  chapter,  (in 
18'Jo)  and  stimulated  by  the  conviction  that  we  were  the  first  tlujs  to  apply 
rurrents  of  steam  for  the  purposes  of  raising  water  and  promoting  the 
evaporation  of  li(|iiids  at  low  temperatures,  &c.  we  were  exceedingly  sur- 
priseil  to  learn  that  something  of  the  kind  had  been  previously  done,  or 
proposed  to  be  done,  in  France.  As  we  had  made  preparations  to  secure 
the  invention  by  a  patent  here,  and  by  others  in  Europe,  our  experiments 
were  discontinued  with  a  view  to  ascertain  the  particulars  of  the  French 
plan,  that  it  might  be  known  whether  we  were  traveling  on  beaten  ground 
or  not ;  but  to  the  present  time  we  have  not  obtained  any  specific  descrip- 
tion of  it,  nor  do  we  know  whether  it  consisted  of  a  jet  of  steam  discharged 
through  the  centre  of  a  tube,  as  in  Nns.  208,  210,  and  as  applied  to  in- 
crease the  draft  of  chimneys  in  locomotive  carriages,  or  whether  the  jet 
was  directed  over  the  outside  of  a  part  or  the  whole  of  the  etid  of  t},e 
vacuum  tulio — nor  have  we  learnt  what  degree  of  rarefaction  was  obtained 
We  have  therel'ure  cimcluded  to  insert  the  preceding  notice  of  our  laixirs. 
that  since  we  cannot  claim  priority  in  the  research,  we  rray  be  allowed 
the  credit,  if  any  be  due,  fur  our  modes  of  application,  and  the  extent  to 
which  they  carrie<l  the  vacuum  and  are  obviously  capablj  of  carrying  it, 
especially  by  such  devices  as  No.  220. 

The  whole  of  the  devices,  from  the  blowing  tubes  describ^id  in  the  last 
chapter  to  the  apparutu.s  for  boiling  sugar  in  vacuo  described  in  this,  with 
the  exception  oi"  the  patented  plan  of  raising  water  by  a  series  of  vessels 
on  different  levels,  originated  entirely  with  ourselves,  nor  were  we  in- 
debted either  directly  or  remotely  for  so  nuich  as  a  hint  in  n-aturing  ihem 
to  any  persons  or  writings  whatever;  and  upon  them  we  ha  -c  also  spent 
no  inconsiderable  amount  both  of  time  and  money.  But  as  sve  have  on 
•everal  occasions  shown  that  »cw  devices,  so  cailecf,  are  often  oW  ones,  it 
IS  but  just  that  we  should  mete  to  ourselves  the  same  measun-  which  we 
have  given  to  others.  We  therefore  with  pleasure  record  iKe  fncf,  tKatu 
a  meeting  of  the  Paris  Academy  of  Arts  and  Sciences,  hrid  in  January, 
183.'),  M.  Pellaians  read  a  paper  on  the  dynamic  effects  of  a  jet  of  •tears, 
of  which  a  notice  (not  a  description  of  the  plan)  was  published  in  an  Eng- 
lish journal,  and  copied  into  the  Journal  of  the  Frankhn  Institute  forWard) 
of  the  same  year — vol.  x,  2d  series,  p.  195. 

There  is  also  described  in  the  London  Mechanics'  Magazine,  vol.  iii,  p. 
875,  an  experiment  of  a  current  of  air  from  a  bellows  directed  over  th» 
onfice  of  an  inverted  glass  funnel,  which  was  placed  in  a  saucer  fillod  wir?« 
water.  From  this  (which  we  did  not  see  till  recently)  the  blowing  tube* 
described  in  the  last  chapter  might,  with  a  little  ingenuity,  have  bwil 
deduced. 
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CHAPTER     IV 


Bl'otftinf  tub«i-  Water  awlljr  dlilurbetl — Force  economlcftlljr  iraDimltted  by  the  otrillolinn  of  liqilldl 
— CAp«riiiivncj  MD  the  uci-ut  vrwatrr  IQ  iJiOrrently  thei^vO  lulrei — Aitpticaliqn  ufuito  (urm  tu  itipbou** 
MovcMent  fives  to  tpauUaf  tuli^« — Theae  produce  ■  jel  bfttb  hy  their  aecent  and  deecent — LjtperlineDto 
with  plain  cootcal  tub«i — 5pouliU|r  luhf^a  with  air  pi]i«B  atlachrd — Ezperimenta  with  varioUB  iixpd  tub«« 
— Ob»*rvaitona  rrapectin^  their  movenient^— Advaotaf  ea  ariainv  rrom  inertia — Modea  of  eomiullDicaliaf 
■0ilOD  to  kpoiittng  tvbea — l*vrpoaea  fur  whick  thejr  are  applicablo^Tbv  SouSeur. 


There  is  a  simple  mode  of  raising  water  whicli  to  our  knowledge  hu 
never  lieeii  adopted,  nor  yel  suggested — viz.  hy  straight  and  open  pijws,  or, 
as  ihey  might  be  named,  f^toutini^  tubes. 

Water  is  raised  in  the  ram  (No.  168)  by  the  force  which  the  liquid  ac- 
quires in  Howing  through  descending  channels,  but  in  the  instruments  to 
ii  which  we  now  refer,  the  same  effect  is  produced  by  its  momentum  ip 
passing  up  vertical  ones.  So  far  as  respects  the  force  of  a  liquid  in  mo- 
tion, it  makes  little  difference  in  what  direction  it  moves — whether  the 
liquid  rise  perpendicularly,  or  having  first  descended  at  one  angle  it  ascend 
at  another.  A  jet  d'eau,  deducting  all  resistances,  rises  with  the  velocity 
with  which  it  would  fall  through  the  same  space  ;  but  in  practice,  the  ve- 
locity is  diminished  by  the  length,  figure  and  dimensions  of  the  channel 
through  which  the  liquid  flows,  and  of  the  ajutage  from  which  it  escapes. 
Every  person's  experience  teaches  him,  that  a  very  small  force  is  suffi 
cient  to  disturb  a  large  body  of  water,  and  that  the  consequent  movement 
of  the  litpiid  is  long  continued  after  the  force  is  withdrawn.  A  stone  dropt 
into  a  tank,  or  thrown  into  a  pond,  causes  waves  to  rise  and  roll  to  and 
fro  over  their  whole  surfaces,  and  some  rime  elapses  ere  the  movement* 
cease.  l)iiy«  and  even  weeks  elapse  after  a  storm  is  over  before  the  ocean 
recovers  its  previous  repose.  This  effect  is  the  result  of  the  great  mobility 
i  of  water ;  its  particles  move  with  such  extreme  facility  among  themselves, 
I*  and  ao  ?ictively  impart  their  motion  to  each  other,  that  a  force  onte  com- 
mi'nicaled  to  them  is  long  ere  it  becomes  exhausted.  Jt  is  the  same  to  a 
certain  extent  when  waves  rise  and  fell  within  tubes;  for  although  the 
friction  of  liquids  against  the  sides  of  these  channels  is  considerable,  espe- 
cially in  rmall  ones,  still  the  force  in  the  central  part*  is  but  slowly  con 
•umcd.  A  device  therefore  by  which  the  oscillation  of  liquids  is  employca 
in  trarisT'.iitling  forces,  will  probably  consume  as  little  in  the  transit  as  any 
mechaiiicul  device  known. 

It  has  already  been  remarked,  that  the  momentum  of  a  flowing  liquid 

suffers  less  in  passing  through  a  short  than  through  o  long  tube — through 

a  8;raii,'ht  than  a  crooked  one  ;  and  we  may  add  that  this  is  more  especially 

■nie  when  the  figure  of  the  tube  is  expressly  designed  to  facilitate  the 

■ataagi.'  of  tl. :  moving  liquid,  instead  of  being  uniform  in  its  bore  through- 

I  out.     Now  i.'.  these  particulars  spouting  tubes  are  eminently  superior  to 

others,  or  thcj'  may  be  made  bo.     They  are  short,  straight,  and  of  a  form 

adapted  to  the  rising  wave  within  them. 

Motion  i»  ;  .iparted  to  water  in  a  spouting  tube  either  by  depressing  the 
liquid  beiow  the  orifice  and  then  admitting  it  to  enter,  or  by  excluding  it 
■from  the  tube  till  the  lower  orifice  of  the  latter  be  sufficiently  imtnersed. 
If  a  pipe  whose  lower  end  is  closed  be  plunged  pcr]>endicularly  in  water, 
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ihe  li(]iiiil  will  ri»p  within  it  the  moment  its  emi   is   openec! ;  hut  it  will 
depend  upon  ihu  length  and  Kj^ure  of  the  tji>c,  and  the  relative  propurtint  J 
Dt'  its  two  orifices,  whether  ihe  liciuid  rush  up  above  the  surfiice  witlioul,S 
or  slowly  reach  it  and  there  remmn.  ™ 

The  following  are  selecled  from  a  numher  of  ejcpe.  iinenta  maile  teTenl 
years  ago.  InDteHtl  >if  closini;  the  lower  orifice,  the  upper  one  was  cinsfj 
with  the  fore  finj^or,  the  confined  air  acting  the  pnrt  of  a  cork,  and  |>re 
ventinp'  the  liijuid  from  entering  until  the  finger  was  removed. 


N(M.mSS3.  SM.    8SS.       SM.        iu;. 

ExpBR.  I. — No.  222,  a  cylindrical  glass  tube,  18  inches  long  and  hilf-tDtJli 
oore.  Its  upper  orifice  was  closed  air-tight  by  the  finger,  and  the  lower 
one  then  held  four  inches  under  the  surface  of  the  water  in  the  vessel. 
Upon  raising  the  finger,  the  liquid  rose  in  the  tube  six  inches;  k  'U 
momentum  carried  it  two  inches  higher  than  the  surface  in  the  cisttrr, 
■r.d  after  a  few  oscillations  it  settled  at  the  same  level.  Cylitidrirjl 
tubes  of  various  sizes  were  tried  at  different  depths,  and  the  average  ej- 
tent  of  the  rise  (above  the  surfiice)  was  equal  to  half  the  length  of  "iti?  pwt 
of  the  tube  immersed  below  the  surface.  If  No.  222  dip|x>d  four  'nrhci, 
the  rise  was  two — if  eight  inches,  it  was  four — and  if  twelve,  it  *•«  tii 
By  coiitraclliig  either  orifice  the  effect  was  diminished. 

ExpKR.  It. — N(i.  223,  a  tube  sliuhtly  conical,  16  in<;hes  long,  the  <1* 
meter  or  dure  of  the  larfje  end  half  an  inch,  and  that  of  the  small  end  "l^ 
third  of  an  inch.  The  rise  of  the  ll(]ui(l  in  this  exceeded  that  in  No.  2?2 
When  tried  with  the  large  end  up,  little  or  no  rise  took  place. 

ExPER.  III. — No.  224,  another  tube,  IS  inches  in  length,  the  diamWet 
of  who've  upper  orifice  was  three-pixteenlhs  and  of  the  lower  seven-cig^<li> 
of  an  inch.     Four  and  a  half  inches  of  the   lower  part  was  cvlindricul 
When  dipped  four  inches  in  water  and  the  finger  removed,  'helionid  row 
but  two  inches  abuve  the  surface.    This  was  owing  to  the  cylindncal  form 
of  the  lower  part  oi  the  tube,  all  the  water  that  entered  being  required  'oj 
till  the  lower  part.      Wlien  the  dip  was  six  inches,  the  rise  was  five;  when  1 
eight,  the  jet  passed  o.ii  of  the  tube  and  ascended  sixteen  inches.     V\Tie«] 
the  tul>e  was  lowered  to  ten  inches  below  the  surface,  the  jet  rose  thirty 
inches;  and  when  the  end  of  the  tube  was  twelve  inches  under  the  surfcrak 
'Jie  jet  ascended  four  feet  and  a  half.     Fourteen  inches  dip  threw  it  w 
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Bbcc.  %ihI  sixteen  inches  dip  caused  it  to  ascend  over  seven  feet.     The  hm 

"•  iinlrical  tubes,  we  huve  seen,  Imre  the  snine   relation  to  tlio  dip  al 

-'^  (lejiths;   but  this  experiment  shows  that  the  elevation  ol'ihe  jci  in 
,4jiit<.'^l  iul>es  iiiurease«  in  a  much  greater  ratio. 

ExPF.R.  IV. — To  include  the  extreme  proportions  between  the  two  or 

,  'U'e  next  took  n  mutrass  or  bolt  head   (No.  225)   and   cut  a   portion 

*n  the  gloiie  opposite  the  jutiction  of  the  neck  or  pipe.     Tiie  o|M'iiiiig 

maJe  was  3j  inches,  and  the  oriKce  of  the  tube  three-tenths.     When 

lower  end  was  thrust  two  inches  below  the  surface,  scarcely  any  rise 

place  uptin  removing  the  finger;  and  when   half  the   letrgth   of  the 

!•»  \%'a»  immersed,  say  ten  inches,  the  rise  did  not  exceed  six  or  seven. 

reason  was  plain  :  the  large  volume  of  airconlHined  in  the  lower  pan 

U  lint  be  expelled  ituitantaneously  by  the  pressure  of  the  liquid  <-olumn 

rough  the  small  orifice  above,  but  the  force  of  the  ascending  ru|uid  was 

unit'd  in  doing  this.     Various  portions  were  now  cut  from  the  low«.r 

,  N*-»tli  a  view  to  ascertain  the  greatest  rist^  that  could  Ik-  oiitnined  witi 

ip  of  four  inches.     This  occurred  when  the  diameter  of  the  lower  enj 

fa»  reduced  to  IJ  inches  :  the   liipiid   then   rose   Ijclwecn  nine  and   ten 

>cltes  above  the  surface.     The  upjier  end  was  now  heated   in  the  Hame 

f   a    lump,   and  the  bore  enlarged  by  pressing  into  it  n  lajiered  piece   of 

ytM->il,  till  t)ie  end  resenibleil  the  cniiit-al  ajutage  C   D   in  No.  201.     This 

U9<vi  the  liquid  to  rise  an  inch  higher. 

ExrF.R.  V'. — A  numl)er  of  conical  lulies  of  the  same  leiigth,  (21  inches) 
'«rh<>sv  wide  ends  diverged  or  flared  differently,  were  next  j)rociired,  with 
tf»«»  vie\v  of  selecting  those  through  which  the  jet  ros»>  the  highest,  as 
sflbriling  an  approximation  to  the  iiest  form.  The  one  represented  nt  No. 
9S6  gave  a  better  result  than  any  other.  Willi  a  dip  of  four  inches  the 
jnt  rose  thirteen.  The  diameter  of  its  hiwer  orifice  was  1.6  inthes,  and 
Uuu  of  the  upper  one  .1  ■  three  inches  l»elow  the  latter,  the  bore  was  .i. 
At  scv«Mi  Inohi-s  from  the  smni  end,  the  bore  was  .3^ot  fourteen  inches, 
A — and  ut  seventeen  inches,  6.  The  curve  given  to  the  flaring  part  of 
ike  liiwer  end  should  be  that  whi,*li  the  fluid  itself  assumes  in  entering, 
but  tha'  given  in  the  figure  is  sullioeiit  for  all  practical  purposes  to  which 
■moll  iiis'.rutnents  of  tins  kintl  are  ajiphcaolp. 

Belort  proceeding  we  may  observe,  that  these  instruments,  simple  as 
tkey  sr^j  »nd  even  when  charged  in  the  manner  indicated  above,  are  sua- 
c(<p(ibl,)  of  some  useful  applications;  among  which  maybe  naired  siphcns. 
iT  the  fulic  No.  22C  were  bent  in  the  form  of  one,  it  might  be  applied  in 
nuineroDS  cases  t<i  transfer  iicids  or  otlier  li<)uids ;  and  as  il  would  be 
charj^ej  by  the  mere  art  of  inserlin<r  its  short  leg  into  the  liquid  to  be 
^'ithdrn.»'i  there  could  be  no  danger  from  sucking,  &c.  as  in  using  the 
Onlinarv  instrument.  It  will  moreover  be  perceived  from  the  third  expe- 
m.ient,  :hnt  the  extent  to  which  these  siphons  are  applicable  increases 
with  the  depth  to  which  the  short  leg  can  be  immersed  :  but  as  this  chapter 
IS  •pr'"opriated  to  the  appliciilion  of  spouting  tijlies  to  raise  wafer  from 
one  ioT.  and  discharge  it  al  a  higher  one,  lhe:r  employment  as  siphotis 
win  \iC'  lustrated  in  a  subseqiierd  part  of  this  volume. 

Tt  '.vill  at  once  occur  to  every  machinist,  that  to  render  these  tubes  of 
»ny  •>r:ctical  value  for  raising  water,  some  mode  of  working  them  very 
(lir^»,r  nt  from  that  of  alternately  ojiening  and  cli>sing  t)ie  upper  orifice  with 
tiie  ta'jr,  and  raising  them  whollv  out  of  and  then  plunging  them  into  tr.c 
li«>ui'J,  wouio  lie  required  :  a  mode  of  regularly  and  rapidly  depressing 
l!ie  liqiiil  « ilhin  them,  that  the  wave  formed  by  its  ascent  might  rise  and 
fkii  unil,.ii..'y 

Tlicre  :j  «  simple  way  of  doing  this  : — If  the  whole  of  the  lube  No.  22' 
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ho  sunk  perpendicularly  in  water,  except  one  or  torn  tnclies  by  which  it 
lii'lJ,  and  then  raised  eight  or   ten  inches,  air  will  entt.'r  tlie  small  urifii 
and  fill  ihe  part  [ireviousiy  ciccupied  by  the  liijuid  :  if  the  upward  mov 
ment  be  very  slow,  the  air  will  ^rndually  fill  the  interior  without  disturlnng 
the  surfiice  of  the   liijuid  ;   but  if  the  tul>e  be  raised  by  a  rapid  movemcirl     i 
or  slijjiit  Jerk,  the  air  will  then  rush  into  the  void  with  a  force  that  wilH 
push  down  the  liquid  before  it  to  a  considerable  depth,  so  that  on  the  re^^ 
dsceiit  of  ihc  li([uid  its  momentum  will  project  a  portion  in  the  form  of  i 
jet,  precisely  like  Nos.  224,  225  and  226.     It  is  surprising  how  elevated- 
B  wave  is  generatetl  in  the  lul>e  by  the  slightest  ascent  of  the  latter,  pn 
videil  its  movement  be  made  sufficiently  tjuick.     The  rise  of  the  wate 
too,  follows  that  of  the  tuhc  so  rapi<lly  that  most  observers  at  first  stippoa 
them  (o  rise  simuhaiieously.      The  fact  is,  the  liquid   when   depressed  r« 
turns  with  such  velocity  as  to  escape  from  the  tube  the   instant  the  stroke 
'■»  finished,  and  even  before  its  motion  be  slackened. 

ExPER.  VI.  A  jet  may  be  proiluced  liy  the  iltvTnt  of  the  tulw  as  well  as 
by  its  ascent.     Let  No.  22S  be  so  held  that  its  lower  end  dip  not  more  tha^H 
an  inch  or  an  inch  and  a  half  in  the  water,  and   then   be   pushed   q<iicklvl 
Jown  eight  3i  ten  inches — a  stream  will   be  projected  from  ita  upper  on- 
rce  to  an  elevation  of  six  or  seven  feet,  and  will  be  instantly  fallowed  by 
•inotlier  that  will  reach  tieurly  as  high.     The  same  cause  (»peiates  here  as 
•n  the  upwaid  movcmenl,  hut  it  is  differently  excited.     A  small  part  only 
of  the  air  withm  is  expelleil  at  the  end  of  the  stroke,  on  account  of  thi 
tube's  nijiid  descent,  and  consetjuently  the  water  is  prevented  from  enter- 
ing; but  as  soon  as  this  movement  of  the  tube  ceases,  the  liquid  rushes  in 
and  a  portion  ascends  in  the  form  of  a  jet.     On  the  subsequent  ebb  of  the 
wave  within,  another  one  rises  nearly  equal   to   the   first,   and   causes  the 
second  jet.     The  following  experimetit  will  illustrate  hoth  mnvrment»: — 
A  small  gloss  *ibe  eight  inches  long,  its  wide  end  an  inch  and  five-i-ighrhs 
diameter  and  its  small  end   one-eighth,   was  employed.     By  its  upward 
movement  or  stroke  the  extremity  of  the  jet  reached  to  an  elevation  of  nine 
feet.      By  the  downward  stmke  a  jet  rose  six  feet,  which  was  succeeded 
by  another  that  reached  four   feet  and   a  half.      Now  if  both   mov^racntlJ 
are  properly  combined  in  a  spouting  tube  of  large  dimensions,  we  beiievej 
the  instrument  may  he  made  to  raise   as   much   water,   in   circunistancefj 
aJapti'd  to  its  employment,  as  any  other  hydro-pneumatic  machine. 

If  tlie  figure  given  to  No.  226  should  be  found  better  adapted  „han  anjj 
other  \vh(!ii  the  iuIh;  is  used  as  a  siphon,  it  does  not  therefore  follow  tha 
the  same  form  would  be  the  most  suitable  to  produce  jrtt  of  water.  Il 
•he  former  case  the  instrument  acts  while  at  rest,  but  in  the  latter  a 
stant  and  rapid  movement  is  required  :  hence,  to  prevent  an  unnecessHTjr 
expiTidlture  of  the  power  employed,  it  should  be  so  formed  aa  ro  pf«icnt 
as  little  opposing  surface  to  the  resistance  of  the  dense  fluid  in  wliinli  it 
works  as  is  consistent  with  the  elevation,  or  (piantily  of  water  to  be  raisrJ 
by  it.  This  remark  applies  parlicularly  to  the  lower  or  wide  I'nd,  for  if 
that  part  be  suddenly  expanded  or  flared  like  a  trumpet,  a  volume  of  wa««r 
•if  eipml  diameter  has  to  be  di»pln<:ed  in  the  reservoir  every  time  .he  lube 
s  pushed  down,  and  also  a  rirg  of  water  whose  external  diameter  is  the 
•>ame  (the  internal  one  being  bnuiided  by  the  lube)  every  time  'he  latin 
;»  lifted  up.  When  used  as  spoutint;  tubes  the  lower  end  should  diet*- 
fore  liare  very  little,  if  any,  unless  in  cases  where  the  outlay  of  fwer  to 
work  tliem  is  of  litlle  consp(pience  or  of  secondary  imp  rani/e.  Tim 
upper  end  of  a  spouting  tube,  when  intended  to  throw  jets  fn-m  if«  orioct, 
fchi'ill  not  diverge  like  that  of  No.  226,  since  the  elevation  f"  the  slresra 
■jvriuld  be  thereby  diminishci  :   instead  of  rising  in  a  compact  jot,  it  wonlJ 
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r    b'.conie  expanJed  and  broken.     When,  however,  ot^  of  iheso 
tcni'iils  is  intcnJcii  to  deliver  water  at  a  level   with   its   upper  oriKce 
«J|i'ii  the  discliKrging  orifice  should  resemble  that  of  No.  22<3,  m-  ('  I) 
201,  as  an  increased  discharge  of  llie  liquid  would  in  thai  euMe  take 
a  f^reater  How  of  air  would  enter  on  the  ascent  of  the  luiie,  uiid  a 
volume  of  water  flow  out  on  its  return. 
I  -KR.    VH. — A    number   of  conical    tubes,   ten    inches    lonjf,    were 
,  rt>d.      The  diuineter  of  the  small  ends  of  all   was  ^   inch,   while   the 
«i'ii.U  were  respectively  4  inches,  3^,  3,  2j|,  2J,  2j,  2.  Ij,  li.  l^iiiid 
Iwsides  these,   two  cylindrical  ones  of  J  inch   and  ^  inch    bore. 
ihe  cylindrical  tulies   no  jet   could    be  produced    by  any  movement 
(u  ihera,  either  quick  or  slow,  however  deep  they  were  immersed; 
el  when  they  wore  inclined.     When  the  conical  ones  were  immersed 
llieir  length,  and   worked  witliouc  plunging  them  deeper,  no  water 
l«.l    btf  •jocled  :  llie  cause  of  this  however  was  not  the  same  in  all.     In 
or  seven  of  iho  largest,  the  parts  below  the  surface  were  too  cnpurious 
,  l>^    filleil  insciinl-ineousiy  with  air  through  the  small  orihce  above  as  lliey 
f«3   mised.    'I'lio  sound  made  by  the  entering  fluid  (like  a  person  gasping 
V>r<.'a(h)  showed  this,  especially  in  the  largest.     But  in  the  smalle-r  t-i/.es, 
tL\r  entered  m  fart  as  they  were  riiiseil,  and  consequently  disturbed  but 
i^litly  the  surface  orihe  .  piid  within. 

V.\'Tonany  oiie  of  then    '\as  immersed  within  an  inch  of  the  small  end 

■  ■n  moved  r\\«   «.*  !  ..ee  inches  up  ami  down,  a  jet  was  thrown   out, 

■•vn  '.he  larr  J  onci  witli  <:oti8ideritble  force,  on  account  of  the  greiiier 

|of  the  litjuiil  put  in  motion  in  their  lower  part.     Still,  however,  the 

not  rise  so  high  from  the  large  as  from  some  of  the  smaller  tubes, 

liise  the  »ides  of  the   former  converged  so  rapidly  to   the   dischuri^ing 

E'-ee  that  the  liquid  particles  crossed  and  counteracted  each  other  iis  they 

t'd.     Short  cylmdricul  ajutages  soldered   on  two  of  the   largest  made 

kWusIble  improvement.     The  disadvantages  of  making  the  lower  purta 

too  wide  or  spacious  for  the 
entering  air  fully  to  occupy, 
was  also  very  apparent  when 
the  tubes  were  raised  five  or 
six  inches  in  working  them. 
The  water  within  not  being 
wholly  displaced,  it  hung  in 
them  as  in  on  inverted  tum- 
bler or  bucket,  and  conse- 
quently its  weight  was  add- 
ed to  tliatof  the  tul)e.  'I'his 
not  only  required  nn  increase 
of  force,  but  the  intended 
sflect  was  diminished  and  in 
H  great  measure  destroyed. 
The  same  thing  of  course 
occurs  if  a  smaller  tube  be 
used,  with  a  large  additional 
part  to  its  lower  extremity. 
as  at  No.  229.  To  obviate 
this  by  furnishing  a  largrer 
siip[>ly  than  would  enter  the 
smaller  orifi<'C,  we  adapted 
an  air  tube  whose  e.xterior 
«ij<i  Was  covered  by  q  valvo  openinf^  upwards,  as  shown  in  the  cut     The 
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force  required  tA  .vork  the  larger  tuljcs  was  very  sensiMe  but  with  lli 
inialler  ones  it  was  scarcely  appreciable.  Those  whose  Urj,»*r  cud*  wem 
2  iiu:lie»  and  Ij  inches  producL-iI  the  highest  jets,  hiit  they  were  oiiviomly 
too  much  tapered  H»r  practical  purposes,  and  even  llie  sides  of  the  siiwllest 
one  numed,  formed  too  lar^  an  angle  to  be  applied  with  advanlagrAt 
great  depths. 

The  tube  No.  230,  two  feet  one  inch  in  length,  was  made  of  tin  plate,  j 
It  cnniiisted  of  a  conical  piece  22  inches  long,  1,^  inches  M-ide  at  one  emi#J 
and  \  inch  at  the  olhcr.  To  the  wide  end  a  Huriiig  piece,  3  inches  loiigS 
and  4  diameter  at  the  lower  edge,  was  added.  This  piece  was  made  ol 
sheet  lead  for  the  convenience  of  forming  it.  When  wholly  immerised  in 
water,  except  2  or  3  inches  by  which  it  was  held,  this  tube  threw  a  jet  19 
feet  high.  By  the  upward  stroke  the  jet  rose  12  feet.  When  the  diverge 
ing  ajutage  A  (whose  contracted  part  was  the  same  as  the  orihjc  of  the 
tube)  was  slipjied  on  the  latter,  the  jet  was  dispersed  Ijefore  it  rose  8  fwt 
An  inch  was  cut  off  the  lower  end,  leaving  the  diameter  3  inches,  uptn 
which  the  jet  rose  to  about  14  feet.  Another  inch  was  then  renio  vj, 
when  it  rose  still  lower;  yet  it  mig))t  still,  by  a  quick  buck  stroke,  he 
thrown  nearly  as  high  as  at  the  first.  It  would  therefore  seem,  that  al- 
though a  large  flaring  end  requires  more  force  to  r^ise  it  than  a  small  one, 
yet  the  increased  velocity  required  to  be  given  to  tne  downward  st"V». 
in  order  to  raise  the  jet  to  an  eijual  height,  comes  to  much  the  same  tJiiiig. 
There  is  a  way  however  by  which  the  resistance  which  a  large  Jlariiig^  ?ml 
meets  with  from  the  water  may  be  avoided  in  the  vf.icnrd  stroke,  vi».  by 
enclosing  the  tube  in  an  air-tight  cylindriral  one,  of  the  diameter  of  tJiii 
flaring  end,  as  represented  by  the  dotted  lines  in  No.  S.'JO :  or  the  inrtru- 
ment  might  bo  inserted  in  a  wooden  tube,  whose  specific  gravity  wu 
about  the  same  or  rather  less  than  that  of  water. 

No.  231  was  3 J  feet  long,  formed  of  copper,  and  of  a  regular  taper  to 
within  four  inches  of  its  lower  end.  Its  diameter  at  the  small  caJ  vm 
half  an  inch,  and  at  the  lower' end  3^  inches,  to  winch  a  piece  Hared  out 
to  six  inches  was  a<lded.  By  an  upward  stroke  of  18  inches,  the  jet  rose 
17  feet  ;  and  l)y  a  downward  stroke  of  one  foot,  it  rose  to  the  same  heiE^ht. 
(These  measurements,  and  the  others  mentioned,  relate  to  the  extremi 
height  to  which  a  small  part  only  of  the  liquid  rose.  The  main  body  oi 
the  jet  seldom  reached  over  two-thirds  o\'  the  distance.)  When  the  ua 
wanl  stroke  was  continued  2J  feet,  the  rushing  air  pushed  all  the  wa^^sr 
out  (if  the  tube,  and  rose  up  on  the  outside. 

KxpER.  VIII. — We  next  prepared  a  larger  lube,  and  arranged  it  so  as 
to  be  worked  in  a  light  wooden  frame,  which  was  secured  in  a  w'nc  pio« 
filled  with  water.  (See  No.  233.  The  wine  cask  is  omitted.)  This  in- 
Btniiiient  was  deemed  equal  to  any  that  was  tried — the  quantity  of  water, 
and  the  elevation  to  which  it  was  raised,  being  compared  with  the  forte 
employed.  It  should  not,  however,  be  considered  as  exhibiting  anyrhing 
like  the  maximum  effect  '.vhich  spouting  tubes  are  capable  of  priuluring, 
because  the  friction  of  the  liquid  m  passing  through  so  small  an  orifice  u 
that  of  No.  233  was  very  considerable.  I'he  reader  is  therefore  requestfd 
to  bear  in  mind,  that  the  larger  the  bore  of  these  tubes,  the  more  favorahle 
would  be  the  result ;  and  that,  although  jets  of  water  may  be  thrown  verv 
high  by  them,  yet  they  are  better  adapted  to  raise  large  volumes  of  water 
to  small  heights. 

The  tid)e  No.  233  was  fivo  feet  long.  It  was  cociposed  of  one  piece  4 
feet  4  inches  in  lenirlh,  .7.5  of  an  inch  diameter  at  one  end.  and  2.9  imhei 
at  the  other.  To  this  end  a  piece  -O  inches  long  was  added,  which  mau': 
the  diameter  5.5  inches ;  and  to  this  another  piece  3  inches   long,  which 
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made  the  extreme  end  of  the  tube  If)  inches  diameter.  The  tiil>e  as  ihm 
farmed  was  secured  to  a  straight  sirip  of  wood  of  nearly  the  siiine  length, 
by  means  of  three  copper  straps,  which  Mere  soldered  to  the  tube  and 
screwed  to  the  wotnl.  (See  the  figure.)  Ahnul  a  foot  from  each  end,  Hnd 
across  the  back  of  the  strip,  two  pieces  of  wood,  3  inches  long  and  IJ 
wide,  were  secured.  They  projected  half  an  inch  over  each  side  of  the 
strip,  and  were  beveled  at  the  ends,  so  as  to  fit  into  and  slide  readily  up 
and  down  in  a  dovetailed  groove  formed  on  the  face  of  the  post  F  F. 
This  post  wa-s  secured  in  an  inclined  position,  as  represented.  When 
'arge  tubes  are  used  ihey  should  nlways  be  inclined,  that  the  water  once 
rused  above  the  orifice  may  not  fall  into  it  again  and  run  back.  The 
sar&ce  of  the  water  in  the  cask  was  13  inches  below  the  upper  end  of  the 
Inbe^  and  upon  working  the  latter  the  jet  (j  of  an  inch  diameter)  rose  22 
feet.  A  piece  of  pipe  was  next  slipped  on  the  end,  which  made  the  tube 
a  foot  longer,  and  reduced  the  orifice  to  half  an  inch,  when  the  jet  rose 
little  ;f  any  higher  than  before.  Another  tapered  piece  of  pipe  was  added 
to  the  last,  making  the  orifice  five-sixteenths  of  an  inch,  upon  whicli  the 
jet  did  r  't  ascend  over  six  or  eight  feet.  An  air-pipe,  figured  at  No.  232, 
TVma  nnvx  added,  that  the  water  might  be  fully  depressed  in  the  tube  on  its 
ascent,  but  the  jet  was  so  pinched  at  the  orifice  that  no  obvious  change 
■WM  perceived. 

The  upward  stroke  ought  to  be  so  regulated,  that  the  air  in  rushing 
down  should  push  nearly  all  the  water  out  of  the  tube,  that  the  wave  in 
r'.sing  may  lie  urged  up  with  the  full  pressure  of  that  above  it  in  the  re- 
set v.  r  :  hence  the  elevation  of  the  jet  produced  by  the  upward  stroke  of 
•  spouting  tube  depends  chiefly  upon  the  dej>th  of  Us  immersion.  But  if 
the  upward  movement  exclude  nearly  all  the  wiiler,  the  downward  one 
if  made  with  due  velocity  prevents  it,  or  much  of  it,  from  entering  before 
the  rube  itself  gets  nearly  to  the  end  of  its  stroke,  and  consequently  the 
effective  height  of  the  hydrostatic  column  is  then  increased  to  an  extent 
wqual  to  the  length  of  the  stroke.  On  the  other  hand,  if  the  upward 
movement  be  nuiilc  so  quick  that  the  air  has  not  time  to  fill  the  enhirged 
space  below  before  the  stroke  is  finished,  then  little  or  no  rise  will  taka 
place.  The  operation  in  this  cose  is  the  converse  of  the  experiment  with 
ihe  .iiatrass,  No.  225. 

%Vhen  the  movements  of  one  of  these  instruments  are  properly  timed, 
tlie  inertia  of  the  descending  air  and  a.scendtng  li<]uid  is  peculiarly  bene 
fictul.  In  ordinary  machines,  where  the  direction  of  moving  masses  is 
re%'ersed,  or  when  they  are  alternately  brought  into  a  state  of  rest  and 
nvstion,  the  inertia  is  overcome  by  an  outlay  of  the  torce  employed  ;  but 
tlr.s  is  not  the  case  with  spouting  tubes.  Thus  when  a  tube  j.t  raised,  the 
sir  descends  into  the  vacuity  left  by  the  retiring  liquid,  and  when  its  mo- 
RR'niurn  ;»  expended,  its  motion  is  continued  by  inertia  alone,  and  conse- 
quently the  water  is  pushed  down  still  further.  Then  again,  on  the  ascent 
of  the  liquid  the  elevation  of  the  jet,  or  the  volume  discharged,  will  be 
increased  if  the  inertia  of  the  rising  wave  be  suffered  to  rx[n,"iid  itself 
without  interference  by  an  uniimcly  niovcmfnt  of  the  instrument. 

A  reciprocating  rectilinear  movement  might  lie  given  to  spouting  tubes 
by  a  spring-pole,  as  in  the  cannf  bydritulique.  The  movement,  however, 
should  be  regulated  by  that  of  the  wave.  This  might  be  accomplished  in 
Urge  tubes  by  connecting  to  the  moving  apparatus  a  heavy  pendulum 
whose  length  could  be  increased  or  diminished  according  to  that  of  the 
stroke. 

If  a  tank  or  reservoir  be  not  sufficiently  deep  for  the  employment  of 
these  tunes,  an  opening  of  the  proper  size  and  depth  might  be  made  ai 
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(be  corner  or  iA^  in  which  t>i  work  them.  Wlien  water  is  to  be  diicliu^ 
on  a  level  with  the  orifice,  the  upper  part  of  the  tobe  tLooLl  »lide  tiirougV 
another  fixed  to  and  standing  aitiore  the  bottom  of  the  receiving  c.»iern, 
that  the  liquid  when  once  railed  may  not  run  hack. ;  and,  for  the  laax 
reason,  the  tube  should  t^>e  inclined.  Amnmg  other  lues  to  whicii  thev 
are  applicable  is  that  of  occasiccallj  wuering  or  washing  treej  tui 
plants.  In  public  gardens  and  other  piaces,  where  a  jet  d'ean  cumoi 
otherwise  be  conveniently  obtained,  these  instromenu  might  be  p>accil 
in  a  reservoir  and  nvived  by  concealed  mechanism,  so  as  to  produce  om; 
and  althouzb  it  woalj  consist  of  a  saccessimi  of  jets,  the  movements  mi^bt 
be  so  regulated  that  they  would  ^pear  bat  one.  The  motion  of  the  tube 
itself  mi^'tit  als<i  be  bid,  by  making  it  play  in  the  interior  of  a  fixed  oae, 
above  wiiijse  orifice  it  need  not  protrude.  In  this  maouer  the  air  in  fkc- 
tories.  hospitals,  and  rooms  of  private  dwellings,  might  be  kept  cooL  and, 
by  perfuming  the  water,  rendered  very  agreeable  anid  refreshing  in  sultry 
weather.  In  fact,  at  every  place  where  a  fi>antain  ia  cieairabie,  a  vue 
and  spouting  tube  might  be  ns^ 

The  ex(ieriments  we  have  given  are  very  imperfect,  bat  they  may  serve 
to  excite  those  persons  who  have  leuure  and  opportunity  to  pursue  llie 
•aciject.  Tiiis  m->de  of  raiding  water  is  deserving  of  a  rigid  inveslisatioD, 
and  will  amply  repay  all  the  labor  expended  upon  it. 

There  is  a  rkatural  illustration  of  spouting  tubes  in  the  Somfifar,  «t 
Blower,  on  the  south  side  nf  the  Mauritius.  The  action  of  the  waves  has 
anJermined  some  rocks  that  run  out  intr>  the  sea  fnjm  tiie  main  land,  ud 
has  worn  two  passages  that  open  vertically  apwardst  They  are  rppre- 
sented  *'  as  smi»th  and  cylindrical  [conical  f]  as  if  cot  by  a  chisel."  When 
a  heavy  sea  ruUs  in,  it  fills  in  an  instant  the  caverns  underneath,  and  finding 
no  other  egress,  a  part  is  forced  up  the  tabes  to  an  elevation  of  sixty  ieeL 
The  r3'»-ner.t  t:;e  wives  recede,  the  vacuum  left  by  them  causes  ih-;  winj 
to  ruih  ::::.>  ::ie  apertures  with  a  noise  that  is  heaiti  at  a  contiiierabic  (Ji> 
tance.  Sve  a  description  of  tiiis  paeoomeiion  in  tbe  Saturday  Magozijd, 
«u.  VI.  !>.  77. 
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Bbpore  taking  leave  of  aniHcial  machines  for  raising  water,  a  few  of  the 
r^osl  prtimiiient  of  those  which  nature  employ*  may  be  noticed  ;  for,  aftei 
>JI,  the  best  of  human  contrivances  are  iiut  imitations  of  hers. 

The  extent  to  which  raising  of  water  is  carrictl  by  nature  is  wontlerful 
Persons  who  have  not  reflected  on  the  subject  would  hardly  suspect  the 
lUHuence  which  this  operation  exerts  on  our  globe  ;  yet  it  is  one  which 
l)v*  Creator  has  adopted  to  bring  about  results  upon  \>  liicli  the  hBp)>inesf 
pf  ail  things  living  ilepenti.  To  the  elevntion  of  waler  into  the  ntniospherCi 
and  its  e'.iirr  to  the  earth,  llie  formation  of  continents  and  islands,  hikes. 
rivere,  lourta  ns.  valleys,  plains,  gravel,  sand,  mould,  ice.  are  due.  The 
fertility  of  sod,  grt>wlh  of  vegetables,  and  life  of  animals,  are  also  to  be 
%Uributed  in  a  greater  or  less  degree  to  the  same  source. 

Of  nature's  machinery,  devices  to  raise,  diffuse  and  colle  .t  water  are 
che  most  coinmoH.  They  pervade  all  her  works — the  most  magnificent 
Mid  the  most  minute  :  and  if  we  turn  our  thoughts  to  the  w^orld  at  large 
and  contemplate  it  as  a  whole,  we  Hnd  it  performing  ihe  part  oi  an  immense 
hyaraulic  engine,  one  which  never  stops  working,  and  whose  energy  nevei 
*lag».  If  almost  every  [loint  of  view  tins  feature  is  obvious.  In  its  ex- 
terior our  planet  is  rather  aipieous  than  terrene.  Three-fourths  of  its 
•ur&cc  are  sunk  into  basins  and  scooped  into  channels  fur  the  reception 
•r.d  transmission  of  water  ;  more  than  one-half  is  occupied  by  the  ocean, 
the  pnncipul  reservoir;  while  the  other  half  is  intersected  in  every  direc* 
don  by  lakes,  rivers,  and  rivulets  innumerable,  that  convey  the  di!i^>erseil 
liquid  back  to  the  tea.  The  molirm  imparted  to  water  also  e.xhibits  everv 
degree  of  activity  and  agitation,  friim  overwhelming  torrents  and  niouo- 
tainuus  waves,  to  the  gentle  shower  that  descends  as  if  dropt  through  tha 
Mnest  cullender,  and  the  placid  stream  that  glides  imf>erceptibly  by. 
Sometimes  we  behold  it  running  with  the  s{>eed  of  a  race  horse,  roai^ 
ing  among  rapids,  leaping  over  precipices  and  darting  down  cataracts — 
here  dashed  intti  spray,  there  churned  into  foam  ;  now  winding  in  eddies 
and  gyrating  in  wiiirL|>ools  ;  passing  through  channels  whose  paths  arn 
'nnuous  as  those  of  a  serpent,  and  shiMtting  through  others  stru.^rhi  us  ao 
arrow. 

Open  channels  and  reservoirs  cimstitut*,  however,  but  a  port  of  niiture'a 
hydraulic  machinery.  In  the  interior  of  the  earth,  are  close  and  nir-light 
reservoirs,  and  tubes  of  everv  imagmalile  size  and  figure,  and  of  iucon 
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ceivable  strengtli.  These  receive  nnd  transmit  liquid  columns  wIok 
hydrostatic  pressure  would  shiver  the  strongest  conduits  made  by  ra«ji, 
while  the  volumes  of  water  that  play  within  and  pass  through  them  render 
utterly  insigiiilicant  all  the  products  of  artificial  engines.  We  know  th«l 
rivers  sometimes  discharge  themselves  into  subterraneous  tubes,  which, 
tranaporling  llic  fluid  to  a  distance,  again  voraita  it  up.  In  this  manner 
water  is  often  conveyed  to  places  where  its  appearance  is  dilficult  to 
account  for,  because  of  the  level  of  all  the  neighboring  regions  being 
far  below  the  aperture  of  discharge — this  being  sometimes  on  the  summit 
of  miuintains,  and  often  at  their  sides. 

But  the  Iransinisnion  of  water  from  one  level  to  another  through  pipit, 
is  one  of  the  simplest  operations  in  natural  as  it  is  in  artiBcial  hydrauiici. 
The  flexure  of  the  tubes  fabricated  by  nature  convert  sotne  of  them  idic 
siphons,  and  these  often  decant  the  contents  of  caverns  in  whicn  watrt 
slowly  accumulates.  The  liquid  rises  till  it  flows  over  the  highest  bcnJ 
in  the  tube,  and  the  siphon  being_ibus  chnrrred  continues  in  operation,  like 

(on«  of  ours,  until  the  reservoir  that  sunplies  il  be  emptied,  or  the. content* 
reduced  to  a  level  with^yie  external  oriHce  of  tbg  discharging  leg.  Tlie 
aclion~then  ceases  until  the~  cavern  be  again  filled'  and  the  operalioD 
renewed.  Hence  intermitting  springs,  and  some  of  those  that  ebb  and 
flow. 

Natural  machines  analogous  to  water-rams,  pressure  engines,  and  fouB* 
tains  of  compression  are  doubtless  also  in  operation  in  the  bowels  of  the 
earth.  In  the  intricate  and  infinitely  variegated  chasms  and  tissDres 
through  which  water  is  falling  and  gases  collecting,  the  principles  of  ibv-io 
luachines  must  necessarily  be  often  excited,  and  on  scales  of  magnituds 
calciiliited  to  strike  us  with  awe.  It  is  not  improbable  that  some  of  liiose 
horrilile  eruptions  mentioned  in  history  and  others  that  have  occurred  at 
sea  without  human  witnesses  were  effected  by  machinery  of  this  descriji- 
tii>n.  The  subaqueous  eruption  which  occurred  on  the  south-west  coa«t 
of  Italy,  in  1831,  was  probably  an  example.  A  column  of  water,  000 
yards  m  circumference,  was  forced  to  an  elevation  of  sixty  feet,  and  an 
island  formed  of  the  solid  materials  displaced. 

But  nntiiral  devices  are  not  confined  to  such  as  raise  liquids  by  the  mo- 
luuiiturc  they  acquire  in  flowing  through  tubes,  or  oscillating  in  waves, 
nor  by  the  hydrostatic  pressure  of  one  volume  transmitted  by  means  of 
airs  to  another.  There  are  some  in  which  water  is  raised  by  solar  best 
The  liijuid  is  converted  into  steam  or  vapor,  in  which  state  it  is  t-endereti 
lighter  than  air,  and  consequently  ascends.  This  may  l>o  considered  U 
nature's  favorite  ])lnn.  It  is  in  operation  everywhere,  and  always.  By  •' 
water  is  drawn  from  every  part  of  tlie  earth's  surface — both  sea  and  Uou, 
and  by  it  o<:eans  of  the  li(]uid  are  kept  suspended  above  us  in  the  form 
of  clouds,  until  it  again  returns  in  showers  of  rain  and  drifts  of  hail  and 
snow.  Of  the  quiiniity  thus  elevated,  wo  may  form  some  rude  idea  froir 
the  calcv.alions  of  Iliilley  respecting  that  drawn  daily  from  the  surface  c' 
the  Mediterranean,  viz.  between  five  and  six  millions  of  tons  !  a  resa.l 
which  he  deduced  from  experiments.  Every  perj^on  knows  that  canala 
require  an  extra  supply  of  water  to  meet  the  expenses  of  evaporniion. 
Sy  experiments  nn  the  canal  of  Laiiguedoc  in  Prance,  the  annual  quui- 
lily  thus  borne  off  was  Ibund  to  be  nearly  three  feet  in  depth  over  iu 
whole  arei.  Clouds  of  vapor  or  steam  are  often  observed  hanging  o"'ii 
marshy  ground,  until  the  wind  rises  anil  bears  them  away.  In  hot  sea- 
sons copious  steams  may  be  seen  ascending  just  after  a  shower  ;  but  in 
f;eneral  aqueous  vapor  thus  generated,  is  invisible  as  it  is  impalpable. 
a  clear  weather,  we  are  not  sensible  of  its  presence  or  of  its  movemeiits 
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We  literally  live  in  it,  as  in  the  ipray  of  a  fountain,  but  our  perceptions 
are  too  gross  tt  liptect  it. 

How  simple  is  ')".s  mode  of  raising  water,  and  yet  how  effective  !  How 
silently  doos  it  '..'ork,  and  yet  how  sure !  In  its  liquid  state,  water  is  too 
heavy  to  be  su'peniied  in  the  firmament ;  hence  the  Creator  has  made 
this  provision  to  attentate  its  particles  by  heat.  It  then  rises  upwards  of 
its  owr.  ac-x>rd — neither  wheels  nor  cranks,  pumps,  pistons,  pi'pes,  nor 
even  power  is  required  to  send  them  up,  or  to  keep  them  there;  and  yet 
billions  of  tons  are  rieing  every  hour,  and  accumulating  in  masses  so 
great  as  to  balllc  language  to  describe  or  thought  to  grusp.  And,  what 
IS  equally  remarkabU?,  neither  cisterns  are  required  to  contain,  nor  con- 
duits through  whici-  to  convey  them.  The  phenomenon  teaches  us  how 
a  heavier  ficiJ  may  l>?  suspended  in  a  lighter  one,  and  that  the  proposition 
of  wale'  beinp  800  times  heavier  than  air,  is  only  conditionally  true- 
depending  merely  upon  the  state  in  which  those  fluids  are  ordinarily 
exhiljilcd  to  us.  To  increase  our  admiration,  the  salt  water  of  the  ocean 
is  during  the  [Tocess  of  elevation  distilled  into  fresh,  thus  furnishing 
among  other  suggestions  that  by  which  navigators  have  often  adopted  to 
sustain  life  in  ti.j  extremities  of  thirst. 

Water  's  also  continually  being  converted  into  vapor  and  urged  into 
the  atmosphere  by  subterranean  heat.  Our  planet  may  be  considered, 
as  indt-ed  it  was  by  'he  ancients,  as  a  cauldron,  in  which  steam  is  gene- 
rated l>y  tliose  fires  vhose  flues  are  volcanos.  Oceans  of  the  liquid  are 
incessantly  but  silontiy  thrown  up  from  this  cause.  liut,  as  might  be 
expected,  from  the  intricate  a  ra:igement  of  internal  chambers  and  channels 
of  communication,  steaiii  must  ofa-n  accumulate  in  cavities  until  its  elasticity 
drives  up  the  water  that  seals  die  passage  to  the  surface.  Hence  boiling 
and  thermal  springs,  and  hence  also  the  hot  spouting  springs  of  Iceland. 
According  to  Oiafsen,  a  Danish  traveler,  one  of  the  Geysers  exhibited  a 
jet  at  one  time  19  feet  in  diameter  and  360  feet  high  ! 

Modern  authors  explaii.  the  phenomenon  of  earthquakes  by  the  accu- 
mnlation  of  steam  in  the  bowels  of  the  earth.  Plutarch  says  the  Stoic 
philosophers  did  the  s.imc  .  but  long  before  Zeno  appeared  the  opinion 
prevailed,  and  caused  the  epithet  "  shaker  of  the  earth"  to  be  given  to 
Nejfturm.  Tht  rr,c<.han:s.Bl  as  well  as  chemical  operations  going  on  within 
the  earth,  are  wondc.-ful  in  their  nature  and  terrible  in  extent.  Well 
might  mytholog'.sts  locate  the  workshops  of  the  gods  there,  and  place  the 
(brges  of  Vu.cun  and  the  Cyclops  at  the  base  of  volcanos, 

Or  contrivances  for  raising  liijuios.  ■!»  oeveloped  in  the  organization  of 
animals,  we  took  some  notice  in  the  second  and  third  books.  Most  if  not 
all  of  them  may  r<e  considered  modifications  of  bellows  and  piston  pumps. 
In  the  vegetable  kingdom,  other  devices,  and  such  as  are  biiaed  on  other 
orini:iple»,  are  in  active  oponit;on.  This  portion  of  creation  exhibits  in  a 
striking  light  the  imporliint  |>arl  which  devices  for  raising  water  perform 
in  tlie  ronstif-jtion  of  our  !:lol>e.  Every  tree  and  every  plant,  irom  the 
towering  ctdar  of  ]<rt-anori.  to  the  hyssop  ti:at  springetti  out  of  the  wall, 
from  the  v/:de-sprcading  banyan  to  a  wh<'»'eTi  rfyw  or  melon  vine,  is  a 
natural  pump,  through  whos*  «ubes  Whi,.r  is  d'jwr.  .'roni  the  earth  or 
imbibed  froTi  the  air. 

T.-.ere  is  something  exceedingly  pieasing  and  sublime  in  the  contempla- 
tion of  the  growth  of  vegetables,  the  pernunaticn  of  seeds,  appearance  of 
sprouts,  development  of  stems,  branches,  leaves,  huds,  blossoms,  flowers, 
•I'd  fruits^thi'ir  variegated  forms,  dimensions,  movements,  colors,  and 
odors.  Some  persons  who  have  never  turned  their  attention  to  this  subject 
till  the  evening  ^f  their  days,  have  beiD  astonished  at  the  wonders  which 
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burst  on  tbeir  rievr.  A  new  slate  of  exUteuce  seemed  to  oper  upon  theta. 
Their  perception  and  estimate  of  things  were  changed.  In«*i*ad  of  i 
sid'.-ring  the  world  as  calculated  only  for  what  man  too  generally  ma 
IL— a  scene  for  the  display  and  gratification  of  the  mc/t  sroveltng 
sordid  pasiiuns,  they  find  it  a  theatre  crowded  witli  encaanling  specimens 
of  the  Creator's  slull,  the  study  of  which  imparts  *he  sweetest  p^<,asau«, 
and  the  knowledge  of  which  constitutes  the  greatejit  wcalvh. 

Those  pious  but  mistaken  people,  who  incessantly  murmur   against  tlw 
world,  and   long  to  depart  from  "  this  howling  wilderness,"   as   thev  UB 
pleased  to  tirra  it,  reproach  ilieir  Maker  by  reviliug  his  work.      Thev  | 
w^aiting  for  future  displays  of  his  glory,  ami  neglect  those   ravisbini; 
by  which  Uiey  are   surrounded,  forgetting  that  "  the  whole  en' 
hi»  glory" — lojiking  for  sources  of  pleasure  to  come,  and  t  icii 

eyes  on  those  before  them — thirsting  for  tlie  waters  of  heaven,  i^ua  >i-ipi*- 
ing  the  living  fountains  which  the  Father  of  all  intellects  has  opened  for 
them  on  earth.  They  seem  lo  think  haftpiness  hereafter  will  nut  depend 
upon  knowledge,  or  that  knowledge  will  be  aci^uired  without  elTort — s 
kind  of  passive  enjoyment,  independent  of  the  exercise  of  their  intellectual 
or  spiritual  energies.  But  they  have  no  ground  to  hope  for  any  such  thing, 
Keasoning  from  analogy  and  the  nature  of  mind,  the  happiness  of  s|.tnts 
must  consist  in  being  imbued  with  a  love  of  nature — in  contemplating  tlie 
\visdom  and  other  attributes  of  the  Deity,  as  they  are  unfolded  in  the  works 
of  creation.  In  what  else  can  it  consist]  It  is  not  probable  tltal  human  or 
finite  beings  of  any  class  can  ever  know  God  except  litrough  the  iiiediura 
of  his  works. 

It  is  admitted  that  the  study  of  nature  is  a.  source  of  exquisite  pleasure 
to  intelligent  beings,  and  the  most  refineil  one  too  that  the  miod  can  coa> 
ceive :  it  is  also  one  that  can  never  be  exhausted.  Those  persons,  theri'lore, 
who  take  no  pleasure  in  examining  the  works  of  creation  here,  aiti  liitJe 
prepared  to  enter  upon  more  extensive  and  scriuinizing  views  of  iliem  ia 
other  worlds.  If  they  have  no  relish  for  an  acquaintance  wiih  the  Crea- 
tor's works  while  they  live,  they  have  no  right  to  expect  new  tastes  iot 
them  after  death.  The  works  of  God  are  all  {terferl  ;  those  in  this  worlo 
na  well  as  those  in  others;  and  he  that  can  look  wiih  apathy  on  a  tulip 
or  a  rose,  a  pa;ssion  flower  or  a  lily,  or  any  other  production  of  a  flower 
garden  or  a  forest,  has  not  begun  to  live.  Bcsules,  we  are  not  sure  th^ 
other  worlds  possess  more  captivating  or  more  ennobling  subjects  foe 
cimtemplalion  and  research — more  thrilling  proofs  of  tiie  wisdom  and 
beneficence  of  God. 

The  circulatiim  of  xap  (sometimes  called  the  hlooj.  of  plants)  is  one  o' 
the  most  inLeresiin<£  of  natural  plienoinena.  It  is  connected  with  some  of 
the  most  delightful  feelines  of  our  natiin',  and  with  the  activity  and  juvi 
of  tliO  brum  creation.  When  in  spring  liji  action  commences,  a  sensation 
of  buoyHicy  pervades  wW  organized  'oeings.  The  earth  begins  to  put  oo 
her  ricli<;«t  n.ltire — her  inhabitants  rejoice  in  her  approaching  spUndor,  v\i 
exult  ill  view  of  the  feasts  pr<.'paring  for  them.  On  iJu-  oilier  hand,  whec 
in  autumn  her  frvhncss  Gides  ind  her  glory  withera,  all  feel  the  change. 
How  infinit<'l«  varic<i  are  tlic  eft'ents  of  «3;>  and  the  enerev  of  itn  tnove- 
mcnta  !  Ru-.-imil;  to  the  summit  of  the  liilii-si  trees,  and  lingonng  a  ^ae 
grass  of  our  meadows—  -shooting  up  perpendicularly  in  the  poplar  and 
pine,  horizontally  in  the  branches  of  the  Imolrab  and  oak,  and  desceRd 
mg  in  those  of  the  Indian  fig-tree  and  willow.  In  some  plants,  accuiuu- 
'ating  clii<'fly  in  their  roots,  as  in  the  turnip,  radish,  and  potato,  ar..! 
emerging  aba  /e  ground  in  cucumbers  and  melons — ascending  higher  lo 
the  bushes  of  aurritnts  and  gooseberries,  and  ranging  over  those  in  nppie 
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wid  pear  '  ■&«».  By  wliat  wnnJerful  process  is  sap  distilled  into  liquid 
honey  ir,  'he  muple,  nnd  into  svine  in  tlie  grape  '(  How  is  it  elaboriiied 
into  (Vuit<  tf  I'very  flavor,  nnd  exliHleil  in  [jerfumes  Crotn  sweet  secured 
herljs.  A\\<\  In  wl  :v  miiT.ner  does  it  contribute  to  produce  every  imiiginalile 
color  arid  lint  in  Howers  I 

By  what  means  does  sup  ""irin  a  natund  vase  in  t\\e  jtilchrr  plant,  and 
then  enter  it  as  litr.pid  wntc.,  alnng  with  niin  and  dew  I  This  sini^uiai 
prodiinion  of  the  vegerabu'  kingdom  collects  water  from  the  earth  and 
atmosphere  in  vesseU  of  the  same  consistence  and  color  as  the  leaves 
Each  pitcher'is  stri.ngthened  by  a  hoop,  and  furnished  with  a  cover  or  lid 
ihat  tuni»  on  a  fibrous  hiiiOT.  When  dew  or  rnin  fulls,  this  cover  opens  , 
and  as  "oon  as  the  weather  clears,  it  (:lo«es  and  prevetjtg  the  water  that 
entered  '••om  Iwi-  g  wasted  by  evaporation.  There  are  other  plants  which 
5tore  up  water  much  in  the  same  way.  Such  were  the  reeds  that  relieved 
Alvarado  (one  of  the  conqaen>rs  of  Peni)  and  his  companions  from  jierisb- 
ing  of  thirst.  Grarcilasso,  in  his  Conmioittnries  observes,  "  The  infoi<- 
Rialion  'hey  hail  of  .hi.  water  was  from  the  people  of  the  country,  who 
guided  them  .i  the  canes,  i\mv  o'  which  contained  lix  gal/mu,  and  some 
more." 

We  know  that  tne  ,  nices  of  [>l3nt8  cannot  be  ra'sed  without  I'orce,  and 
tlittt  this  force  must  be  ii.^rtascd  with  the  elevation  to  which  the  liquid  is 
to  be  liftc^d  Animals  exert  ii  muscular  power  in  working  the  pumiw 
(bnne<i  ir  their  bodies,  and  these  machines  they  put  in  motion  nt  will. 
This  is  not  the  case  with  vejretables  :  yet  sap,  the  pabulum  of  their  life, 
ifl  elevated  to  tSe  tops  of  the  ;.'ghest  trees,  and  apparently  with  the  same 
fcei'ity  as  it  is  diffused  through  microscopic  plants  That  the  forc";  by 
which  this  is  done  is  not  latent  or  negative  in  .ts  nature,  is  clear,  since  U 
may  easily  be  rendered  manilesl.  Cut  a  Ijrat.ch  from  a  vine  in  the  ?|>ring 
wht-n  the  sap  is  rising,  and  stretch  a  p.ece  of  India  rubber  tver  the  end 
of  ihe  pnrt  that  remains,  secure  it  by  thread  wound  rou.nd  cne  stump,  so 
u  to  exclude  the  aii  and  prevent  the  wovmd  from  heal'mg.  In  a  little 
while  tjie  cai  •itchouc  wil'  be  swelled  or  bulged  out  r  j  the  exuding 
fluid,  and  it  will  continue  to  swed,  however  thick  it  may  be,  till  it  burst. 
A  It-v  years  ago  we  treated  in  this  way  some  branches  of  an  Isabella 
grape  vine,  and  afterwards  applied  to  one  of  them  a  close  vessel  contain- 
i'.*  nierc;r- .  in  wlirh  ihc  lower  ond  of  a  long  glass  tulie  was  immersed 
wrtn  a  view  tc  mewsure  the  force  excited.  In  four  days  the  mercury 
rose  36  inches  fn  the  tube,  V)eing  j  ushcd  up  by  the  sap  which  took  its 
place  in  the  vessel ;  and  bit  fir  an  acci  nt,  by  which  the  apparattis  wae 
broken,  it  would  probably  have  ascended  still  higher. 

But  Ihis^rce,  gre'*  as  it  was,  is  small  when  compared  with  that  which 
sends  the  fluid  through  trees  that  grow  on  the  Australian  continent  and 
islands.  Some  of  thesa  .esemble  single  tubes,  and  are  filled  with  a  semi- 
fluid or  sod  pith.  Tasmnn,  the  discoverer  of  Van  Dieman's  Land,  found 
trees  there  whose  lowest  branches  were  between  60  and  70  ((?et  above  the 
ground.  The  "^rench  expedition  sent  in  search  of  the  lamented  Perouse, 
((>und  on  Coc  s  island  a  tree  nearly  100  feet  high,  and  only  tfirrr  iwhfa 
in  diameter  it  was  of  so  hard  a  texture,  that  it  resisted  at  first  the 
heaviest  blows  of  an  axe ;  and  when  the  pith  was  taken  out,  the  thick- 
ness of  the  wood  did  not  exceed  ^^  of  an  inch — forming  a  perfect  tube. 
But  this  'fee  was  only  half  the  height  of  some  others  in  the  same  regions; 
for  several  were  seen  whose  diameters  were  only  seven  or  eight  iiichef, 
and  whose  tops  towered  upwards  of  200  feet  above  the  earth  !  The  lorce 
that  drives  sap  to  such  elevations  is  wonderful  indeed  ;  and  ciuild  it  be 
applied  as  a  mechanical  agent,  it  would  be  resistless  as  steam.     '  t  niifrh* 
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be  supposed  that  a  force  so  energelic — one  that  woiilil  rupture  piuca 
which  convey  water  lo  our  dwelhiigs — would  rend  asunder  ino«i  of  da 
delicate  pores  through  which  it  circulules ;  and  so  it  would  wore  \wi  their 
diameter  so  exceedingly  smalt — fur  the  strength  of  tubes  increases  a*  tiifii 
biire  is  diminished. 

The  ascent  of  sap  has  been  explained  by  Eitdotmofii,  or  transil  of  bodies 
through  pores.  See  two  interesting  papers  on  this  aultject  in  the  JouriMl 
of  the  Franklin  Institute,  vols,  xvii  and  xviii,  by  J.  W.  Di-aper,  dow  Prot 
of  Chemistry  in  the  New- York  University. 

Water  Spoutt  constitute  a  peculiar  class  of  nature's  contrirt 
raising  water.     Electricity  is  supposed  to  have  a  controlling  inSui 
their  lormation  ;  but  the  mode  by  which  it  acts  is  not  clearly  undei 

More  water  is  draicn  up  by  them  within  the  same  space  of  limo  ihi    

any  other  natural  device.  The  liquid  appears  to  be  i>orne  up  the  vorCtr 
mechanically  as  solid  substances  urc  raised  by  whirlwinds,  except  tint 
it  is  broken  by  masses  of  air  rushing  into  and  mining  with  it.  After 
Btriving  at  the  top  of  the  spout,  it  is  dispersed  by  lateral  currents  of  wind. 
A  drop  of  water  suspended  from  the  conductor  of  an  electrifying  niachiae 
is  supposed  to  e.tliibit  a  mmiature  water  spout.  When  a  vessel  of  water 
is  placed  under  it,  and  '.he  machine  put  in  operation,  the  drop  assumes 
the  various  appearances  'tf  a  spout  in  its  rise,  form,  and  mode  of  diup- 
pearance.  Clouds  act  asc'sterns  in  holding  water  raised  by  evaporation ; 
but  in  waterspouts  lliey  perform  a  more  singular  part,  since  they  aic 
moulded  into  visible  pipes,  through  which  volumes  of  liquid  &re  coii«ej*d 
as  securely  as  through  those  made  of  solid  materials. 

Although  the  rise  of  sap  in  trees  is  nttribuied  to  endosmosis,  there  ii 
reason  to  i  elieve  that  capillary  nttroc/ioH  takes  part  in  the  process,  ti 
well  as  I  >  thousand  otlier  operations  of  nature.  When  one  end  of  a 
small  glass  tube  is  placed  in  water,  the  lirjuid  rises  within  it ;  and  the 
height  to  wh'ch  it  ascends  in  different  tubes,  is  inversely  aa  their  dicrae 
ters.  The  thenomenon  is  more  or  less  common  to  all  licjuids  when  tiio 
tulies  Jijipea  in  them  are  made  of  such  mu'erials  as  they  readjlv  unite 
with.  This  condition  is  necessary,  otherwise  the  licjuid  would  be  de- 
pressed. Water  rises  higher  than  other  liquids  in  glass  tubes ;  aiid  u 
these  instruments  arc  transparent,  they  are  always  adopted  in  experimeutj 
on  this  subject. 

The  phenomenon  of  capillarity  has  exercised  the  ingenuity  and  learn- 
ing of  tlie  most  eminent  philosophers,  and  various  are  the  causes  to  which 
they  have  attributpd  it.  Some  supposed  the  uimosjihcric  pressure  le»« 
within  the  tubes  than  without.  Others  imagined  a!i  unknown  fluid  ci^ 
culatiiig  through  them  that  bore  the  Tquid  up;  and  some  ascril>ed  it  lo 
moisture  on  the  inside  of  the  tubes.  An  ntli-nctive  force  existinn;  between 
the  glass  and  the  water  is  now  more  generally  admilt^-d  ;  and  hence  in 
tubes  of  very  small  bore,  it  is  said,  the  glass  being  nearer  the  water,  at- 
tracts it  more  powerfully,  i.  e.  raises  it  higher— oth  '  writers  think  th* 
effect  is  due  to  electricity.  The  subject  is  admitted  to  be  an  intricjite  one, 
and  the  mniinur  in  which  it  has  been  haiidle<l  by  scientit^c  men,  has  nnl 
rendered  it  very  accessible  lo  ordinary  readers.  Without  looking  for 
ultimnle  causes,  the  phenomenon,  like  that  of  an  increased  discharge, 
through  diverging  ajutages,  may  be  traced  to  the  relative  prooerties  of 
tho  Ii  iui<l  and  the  material  of  the  tube,  and  to  the  force  with  vrbich 
particles  of  liquids  cohere  among  themselves. 

Capillary  attraction  is  exhibited  in  a  great  variety  of  forms,  Parriclfi 
of  wairT,  like  those  of  all  other  liquids,  require  some  force  to  separate 
them.     .\   needle  or  film  of  lead  while  dry,  wil    float;  and  myriads  of 
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gnats  career  on  the  Burfacc  of  a  ponJ  as  securely  as  on  land.  Somr 
li<^uids  are  v;s<:iJ,  and  may  be  drawn  iiitu  threads;  and  even  water  nmy 
be  stretched  into  sheets  ere  its  substance  be  broken :  hubbies  prouuc<'d 
during  rains,  and  those  pellicles  sometimes  formed  over  the  mnutlis  <if 
email  vials  and  the  interstices  of  sieves  are  examples.  Water,  moreover, 
in  common  with  other  fluids,  unites  with  some  substances  more  readily 
than  wirh  others.  It  does  not  combine  with  ods,  nor  aJliere  lo  »ul>st;»nct's 
impregnated  with  grease.  Hence  umbreiliis  und  wuler-proof  dresses  are 
made  uf  oiled  silk  ;  and  rain  rolls  off  tliu  backs  of  ducks  and  other  aqualic 
birds  without  wetting  diem,  because  these  fowls  dress  their  feathers  with 
an  unctuous  fluid  which  their  bodies  secrete. 

When  a  vessel  contains  a  liquid  that  readily  unites  with  it,  the  liquid 
Stands  highest  at  the  edges.  Thus  in  cups  of  tea  or  tumblers  of  water, 
the  fluid  climbs  up  against  the  sides  until  it  is  considerably  elevated  above 
the  general  level.  'I'his  is  observable  with  milk  in  a  pot,  pitch  in  a  caul- 
dron, oil  in  cans,  mercury  in  vessels  lined  with  an  amalgam  ;  melted  tin 
in  tinned  iron  or  copper  vessels,  and  fused  brass  in  an  iron  Indie  whose 
interior  has  been  coaled  with  the  alloy,  as  in  the  process  of  hard  soldering. 
If.  on  the  other  hand,  a  liquid  has  no  affinity  for,  or  will  not  unite  with 
the  substance  of  which  the  vessel  is  made,  an  effect  the  reverse  is  pro 
duced  ;  that  is,  tlie  liquid  is  depressed  at  the  sides,  as  when  mercury  i* 
contained  in  a  vessel  of  glass,  wood,  or  earthen  ware  ;  or  eveii  i.;  >  ne  of 
metal  not  lined  with  an  amalgam,  or  with  which  the  mercury  c;itin'  .  form 
one.  The  same  thing  occurs  to  fused  brass,  or  lead  or  tin  in  cruciMcs,  to 
water  in  greasy  tubes  or  dishes,  &c. 

The  same  thing,  in  another  form,  occurs  with  drops  of  liquid.  When 
w^aler  is  sprinkled  on  a  greasy  surface,  the  particles  remain  separnto  how- 
ever near  to  each  other.  By  blosving  against  them,  they  may  be  rolled 
over  the  plate  on  which  they  rest  without  leaving  any  portion  behind  ; 
but  if  the  substance  on  which  they  are  dropped  combine  readily  with 
moisture  their  figure  is  changed  ;  each  becomes  flattened  by  spreading, 
•o  that  two  adjacent  drops  quickly  run  together.  A  drop  of  nil  or  speck 
of  grease  rjakes  a  large  sj^-j  on  a  lady's  dress  or  a  marble  table.  Quick- 
silver will  not  i.nilo  with  marbif;,  but  a  small  portion  dropped  on  a  sheet 
of  tin  will  spread  over  it  like  vvsler  on  damp  paper.  A  portion  of  tin- 
n  '.  solder  kept  in  fusion  on  cie;ir.  plates  of  tin  or  lead  spreads,  and  ia 
biiSO.'bcd  in  like  manner.  Wiieii  ink  '.s  spilt  upon  unsized  paper,  the  lat- 
ter is  stained  to  a  considerublo  extei.l :  round  each  drop  a  broad  ring  of 
moisture  ia  formed ;  the  dnrUer  and  josser  particles  remaining  as 
nucleus  in  the  cent  re. 

1  he  different  fomu  which  drops  assnne  when  pendent  from  solid 
bodies,  aro  governed  by  the  pans  with  which  ihcy  are  in  contact.  When 
water  is  sp'inkied  oj  a  pbile  partly  covered  with  grease,  those  particles 
that  fall  on  the  clean  parts  resemiili;  very  fmi  scgmenl*  of  spheres,  while 
those  on  tht  grensed  parts  arc  larf.'«'r  portions  of  smalh'r  spheres  ;  the 
liquid  in  these  swelling  <mt  abovn  the  ViaSi-  on  which  'h»'y  rest,  in  pre 
ference  to  extending  itself  like  iKe  others  upon  it.  A  .••op  hanging  from 
tha  point  of  a  wire  is  elongalcd  verficallv— if  i'l'-d  between  the  finger 
and  thumb,  it  may  be  stretched  out  horizoj.ta/ly.  If  suspended  in  a  ring, 
;a  upper  surface  becomes  hollow  r.iid  its  low.?r  one  convex,  forming  a 
species  of  liquid  cup,  and  sufiporled  soniowhat  like  the  dishes  which  clie- 
niists  hang  over  lamps  in  m»»veablc  rings  of  brass.  A  drop  of  liquid  in  u 
capillarj  tube  is  tiius  supported  ;  the  tube  being  nothing  more  than  a 
deep  ring 

The   quiintity  of  liquid   contained  in   pendent  drops  varies  with   the 
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extent  of  surface  in  contact  with  the  supporting  hodv.  WHien  one  is  ttMnly 
to  fall  from  nn  inclined  iihjcct,  as  the  bottom  of  a  liucket  or  a  lea  cup,  it 
may  be  retained  hy  making  the  bottom  approach  nearer  to  n  level ;  rtie 
fluid  then  spreads  and  hoIJg  by  a  larger  surface.  This  is  ilhutnce^  in 
the  case  of  metals:  tin-plate  workers  commonly  take  up  solder  on  iW 
fice  of  their  irons.  The  under  sides  of  these  instruments  are  trnnml, 
and  being  placed  upon  the  metal,  a  larger  or  smaller  portion  is  me!>.l 
and  bnme  otT  at  pleasure.  An  etpial  quantity  of  water  may  pruljebly  Se 
thus  suspended  from  a  plane  surface,  a«  within  a  cylinder  of  the  sane 
area. 

Numerous  facts  show,  that  when  not  pulled  down  by  gravity,  liquicis 
diffuse  themselves  uniformly  on  substances  with  which  they  comi 
much   upwards  as  downwards.      Small   drops  of  water  or  ink   da«h(<<i 


against  vertical  sheets  of  paper  equally  exKfnd  themselves  from  Ar 
centre.  We  are  so  much  in  the  habit  of  contemplating  fluids  in  maswN^ 
where  gravitation  greatly  preponderates,  that  we  overlook  this  property 
in  them,  or  do  not  suspect  its  existence.  The  observation  that  water 
never  runs  "  up  hill"  is  proverbial,  but  it  is  not  correct.  Examples  miglil 
be  quoted,  in  which  it  prefers  to  ascend  an  inclined  plane  to  poing  dovrn 
one — to  rise  in  a  wet  channel,  than  descend  in  a  dry  one.  Take:  a  dry 
piece  of  glass,  or  china,  the  blade  of  a  knife,  or  the  bottom  of  a  saucer,  or 
almost  any  solid  material,  and  dampen  or  slightly  wet  a  part  of  it  :  placa 
a  drop  of  ink  or  water  near  the  edge  of  the  wetted  part,  then  incline  tin 
saucer  so  that  the  dnop  may  lie  beneath,  and  make  a  channel  of  com 
munication  between  them,  by  drawing  with  a  pointed  instrument  a  smal 
Btreak  of  fluid  from  one  to  the  other.  The  instant  this  is  done,  a  cur 
rent  will  set  up  with  considerable  velocity  from  the  drop  into  Oie  this 
«hcet  above. 

This  effect  takes  place  on  wood  and  on  metals,  and  even  paper.  Pen- 
men, who  have  their  paper  inclined  towards  them  often  witness  the 
experiment  in  anothei  firm,  especially  when  they  make  the  bottom  of 
their  strokes  thicker  than  the  rest.  The  ink  may  then  be  seen  to  ascend 
from  the  bottom  upon  the  removal  of  the  pen.  This  takes  place  if  the 
paper  be  held  vertically.  Again,  when  a  large  drop  of  ink  falls  on  a 
book,  it  is  customary  to  shake  out  that  which  remains  in  the  j)en,  anvi  to 
place  the  latter  over  the  drop  as  in  the  act  of  writing ;  upon  vi  hich  e  larpc 
portion  of  the  liquid  enters  the  quill.  This  is  then  shaken,  and  the  op«r« 
lion  renewed.  Here  the  principle  of  distribution  a^ain  appeara.  There 
is  a  surplus  belnw,  and  a  deficiency  (or  less  depth  of  it)  iibov>»,  and  the 
liquid  ascends  to  produce  an  equilibrium.  Were  the  pen  fully  charged 
with  ink  before  applied  to  the  drop,  it  could  take  none  from  the  l.ilter. 

Other  examples  of  the  ascent  of  liquids,  and  even  of  solids  ae^nit 
gravity  arc  familiar  to  some  classes  of  mechanics,  but  not  to  .ill.  When 
two  sheets  of  tin  plate  are  soldered  tog.'ther  in  an  inclined  position,  nmsll 
pieces  of  solder  laid  near  the  lower  eHgt?  of  the  joint  arc  drawn  up  under 
the  face  of  the  iron  as  soon  as  the  fused  mass  touches  them.  Illustrations 
of  this  occur  in  whatever  position  the  joitit  may  be.  They  are  still  more 
common  in  hard  soldering,  for  copper  and  silversmiths  commonly  charge 
their  joints  on  the  outside,  so  that  the  solder  is  below  or  next  to  the  tire 
when  fused. 

These  experiments  are  all  Laaed  on  the  same  principles  as  the  Mcent 
of  water  in  capillary  tubes.  We  see  timl  when  a  mass  of  li(juid  (wholly 
resting  on  a  plane  surface  or  enclosed  in  a  cylinder)  is  connected  by  • 
short  channel  to  a  thin  sheet  of  the  same  substance  above,  a  purl  of  ibe 
mass  below  will  ascend.     The  channel  it  should  be  remembered  is  »  flaid 
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one,  for  nehlier  water  nor  any  other  liniiid  will  thus  rise  except  in  channoli 
of  the  same  suliitlance  as  tlieiiidelveg.  'I'lio  fff'ecldoes  not  liicrelnre  iippear 
to  be  tiue  wholly  to  the  inateriai  that  sustains  the  liijuid,  but,  to  some  ex- 
tent, to  that  force  by  which  purticlcs  oi'  nintter  congrrgate  with  their  kind 
in  Dreference  to  mingling  with  other*.  The  ai^ueuua  vapor  floating  in  llio 
atniospliere  moistens  more  cr  less  the  suriaces  of  all  bodies.  Glass  tube* 
are  coaicJ  with  it;  but  if  a  capillary  tube  previous  to  its  use  was  not  thus 
prepared,  it  becomes  so  the  instant  one  end  is  immersed  in  water — a 
stream  of  vapor  (though  not  oiivinun  to  sight)  then  passes  through  it :  the 
whole  interior  is  thus  coated  with  aqueous  moleculaa  accumulating  upon 
it  at  insensible  distances  from  each  other,  and  those  adjacent  to  the  surlace 
of  the  liquid  operate  to  solicit  its  ascent  through  the  channel  thus  prepared 
fiiT  it.  The  ascent  of  vapor  under  these  circumstances  is  unlimited,  but 
tJiatof  a  liquid  column  is  8<ion  arrested.  This  however  does  not  prove  that 
tjie  force  excited  is  insufficient  to  rai.<e  liquids  to  great  elevations,  but  that 
".l  is  the  Volume  which  determines  the  height.  If  the  (piantity  be  indefi- 
nitely small  it  will  l>e  raised  indefinitely  high.  Experiments  so  far  a« 
they  have  been  made  prove  tliis  ;  but  as  the  finest  of  artificial  tubes  are, 
when  compared  to  nature's,  as  a  mast  is  to  a  nt'cdlc  or  a  cable  to  a  thread, 
tlie  ascent  of  liquids  in  them  must  ueceisarily  be  very  limited.  As  long 
us  the  liquid  column  can  be  sustained  by  adhesion  to  t'hc  siiles  of  a  tube 
it  will  rhse.  but  when  the  weight  of  the  central  parts  (which  not  being 
Bttaciied  to  the  lube  are  sustained  by  cohesion  alone)  exceeds  Uiis  force, 
the  ascent  ceases. 

The  force  with  which  particles  of  some  fluids  cohere  is  so  energetic 
Ihal  they  present  the  singular  spectacle  of  liquid  rods,  pendent  like  icicles 
or  italuctites.  When  one  of  these  rods  is  broken  an  interesting  contest 
Oetween  gravitation  and  cohesion  takes  place,  during  which  the  figure  of 
the  pendent  changes  as  one  or  the  other  of  those  forces  prevails  :  it 
(tecomes  longer  while  the  first  predominates,  shorter  when  the  latter 
controls,  and  stationarv  when  both  are  balanced.  These  phenomena  may 
be  observed  by  letting  a  drop  of  molasses  flill  from  the  point  of  a  knife 
or  a  spoon.  The  globule  descends  to  a  considerable  distance  before  it  is 
wholly  separated  from  the  poition  above,  because  a  rod  of  the  liquid 
continues  to  be  formed  that  unites  them.  When  this  rod  breaks,  the  part 
sa5|>ended  from  the  mass  above  is  drawn  up  :  a  thread  oyer  a  foot  m  length 
is  sometimes  thus  contracted  to  less  than  \  of  an  inch,  strongly  remind 
tng  one  of  the  elasticity  of  caoutchouc. 

Water  rises  to  considerable  heights  through  sand  and  other  poroua 
bodies — also  through  rugs  and  threaos  of  cotton,  &c.  Oil  ascends  in  the 
wicks  of  lamps.  Capillary  siphons  formed  of  cotton  wick  are  employed 
to  supply  oil  to  the  journals  and  wo-'«ing  parts  of  machinery.  It  is  cus- 
tomary with  stereotype  founders  to  oil  the  faces  of  engraved  wooden  blocks 
previous  to  taking  casts  from  them.  These  blocks  are  of  box,  a  speciea 
of  wood  whose  texture  is  exceedingly  close.  We  have  often  placed  some 
of  those  used  in  the  illustration  of  this  work  on  receiving  them  from  th« 
engraver,  into  a  dish  containing  oil  to  the  depth  of  ^  inch,  and  have  wit- 
nessed the  appearance  of  the  liquid  at  the  top  within  half  a  minute,  and 
frequently  in  a  quarter  of  one.  Ui.like  water  in  glass  tubes,  the  oil  here 
nses  entirely  out  of  the  tubes  in  the  wood  and  collects  in  globuk-s  over  the 
onfices. 

From  the  infinite  variety  and  impnrtanco  of  devices  for  raising  liquidi 
that  are  at  work  in  the  animal  iiud  vegetable  kingdoms  and  in  general 
nature,  the  wisdom  displayed  in  their  formation  and  movements,  and  their 
wonderful  effects,  it  would  seem  as  if  the  Creator  designed  particuldrly 
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to  call  man's  attention  to  this  deparunent  ot  knowledge,  anil  tn  itJ  M* 
liim  to  cuUivgtc  11 

8ourced  of  hyilraulic  contrivances  and  of  mtchanlcal   moTernemt  tn 
•ndloss  in  nature  ;  and   if  machiiiisls  would  but  studv  in  her  tchoul,  iho 
would   lead  litem  to  the  adoption  of  the  bes>   principles,  and  ihn  mori 
iiitabic  modilications  of  ihcm  in  every  pos»:b.e  cotcngenc^-. 


CHAPTER    VI. 


Siraoii*— ModaoT  okarfinf  ik«a— rrinoiplt  oa  wkigk  iheiraeiioa  drpeadt— Cakeaiq*  •TDfrtl 
Eliphoui  set  lu  VHCun — Variftlx  of  tipbont — Thrir  aattqaily — Of  CaKtcrn  origin— ^nrtrayxj  ia  Ih*  Urn 
al  Tlit-'bot — Mixr.l  winn» — 3i|ihini  in  anciflol  E^yptiBD   kitchriii — Probably  UH>d  at  lb«  faa»t  at  Ctai 
Tbrir  applicalitm  by  ol>l  juc^It*— Sipbnna  from  H'^ron*i  SpiriLalia — Tncka  wiih  lirfiiid*  of  iliir»r»«l  . 
BfMcific  f  ravitiflii — Pnsih  water  dipped  fnim  thn  Kurface  of  the  tea — Fi^urca  of  Ta&lalai'  cap*— Tmka  j 
of  ol.l  publican*— Motic  pitcher — Goblot  for  unwclcomv  vititer* — Tartar  iiecronancy  witk  cap*— HoaM  I 
balki — Sipbou*  liacd  by  tha  aocitnt*  for  tiutiog  nine — Siphoin.  A.  D  I.M  I — Fifuroa  of  modern  tipboa*- 
ittthiuf  lube— Valro  atphoa — Tin  pUie — Wirteraburf  Mpboo — Areauil'*  ftipknn — Chrmttx^  ttfkmm 
jlpboni  by  the  autbor — Water  coiivr'ved  over  extensive  Fratiudi  by  »iphon»—  Limit  of  tk«  •pplIMM 
•f  eipboa*  kaowa  to  ancient  riuinbnra — terror  of  Porta  and  other  writera  rofpecliBf  aipboaa — t^faag 
Sipboni  for  diicbarglng  liquid*  at  the  bend — Ram  alphon.  J 

The  liphon,  or  aa  it  is  lometimes  named  the  crane,  is  in  its  siniplccl 
form  in<>ri.-ly  a  tube  bent  so  as  to  resemble  an  inverted  letter  U  or  V;  and 
is  em|ili)ycd  to  traiisler  liijuids   from  one  level  to  a   lower  one,  in  cireum* 
stances  where  nnlural  or  artiKcial   obstructions   prevent  a  straight  pipe 
from   bein^  used  ;  B8  when  rocks  or  rising  grounds  intervene  between  a  . 
spring  and  the  place  where  the  water  is  re<|uired,  or  when  the  coutentaj 
of  ca>ks  and  other  vessels  are  to  be  %%'ithdrawn  without  making  opeoingi 
for  the  purpose  -n  their  bottom  or  sides.     Thus  farmers  occasionally  h«v« 
water  coo/eyt'ii  over  hills  to  supply  their  barn-yards  and  dwclliiiits  ;  aiiii 
portable  «iph«ns  are  in  constant  rcijuisition  with  oil  and  liipior  merchanti, 
r.lii.'inists   and   distillers.      The   two   branches   of  a  tube   that   constitute  t 
•iphon  arc  -tiinmonly  of  unequal  lengths,  and  natned  leei  ;  the  "  short"  or 
receiving  l^g,  and  llic  "  long"  or  ilischargingonc.    The  highest  part  wbeM 
the  less  are  united  is  known  as  the  apex  or  bc»nd. 

As  liiiuids  an;  raised  in  siphons  by  atmospheric  pressure,  the  jwrpen- 
dicHlar  length  of  the  short  leg,  like  the  suction  pipe  of  a  pump,  should 
never  exceed  25  or  2S  feet.  To  pjt  siphons  in  operation,  the  air  wiihio 
them  must  be  Rrst  expelled.  Small  ones  arc  sometimes  inverted  arul 
filled  with  a  portion  of  the  fluid  to  l>c  iliH-anted,  but  more  frequently  tKi' 
liquid  is  drawn  through  the  tube  by  sucking.  Other  devices  for  chargiDg 
them  will  bo  notified  farther  on. 

The  action  of  a  siphon  does  not  depend  upon  any  ine<]i'&IIt^  )f  atiiio> 
spheric  pressure,  as  some  writers  on  natural  philosophy  have  inaJrprtently 
intimated.  In  one  popular  work,  it  is  said,  "  the  pressure  o.'"  tlie  air  il 
more  diminished  ;"  and  in  anoiner,  more  "  weakened  or  abatesl"  ov«  ttie 
discharging  than  over  tlie  receiving  orifice  ;  whereas,  philinoohicallj 
speaking,  the  reverse  \s  the  fuel :  for  as  the  discharging  end  is  ntiarer  |S« 
earth,  a  deeper  an  i  consequently  heavier  column  of  atmosphere  rest*  over 
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»t  fh«i»  over  th©  ot*ier.  Nor  doei  the  effect  depend  upon  any  difference 
<c  tbo  actual  lengths  c'  the  legs,  for  they  are  often  in  this  respect  the 
same  ;  «nd  someiiinef  '.Le  receiving  one  is  much  longer  (in  an  obliquci 
direction)  than  the  oU.t.r — not  yet  uoes  their  coinpiirative  diameters  con- 
tnlmte  to  the  results  ,  u.r  the  sliort  one  may  be  much  more  capacious 
than  tii»4ong  one.  It  ;•  the  difterence  in  the  pcrj'ntdictttar  length  of  tlie 
l-quid  coiumiu  within  the  legs  that  causes  a  siphon  to  act :  tlie  coliinm  in  the 
discharging  lee'  must  exceed  in  (his  resfiect  that  contained 
in  the  receiving  one,  or  no  action  can  take  place.  By 
examining  the  tigure  in  the  margin,  it  will  be  perceived 
that  tlie  column  in  the  receiving  leg  extends  only  from  the 
surface  of  the  liquid  in  the  vessel  to  the  bend,  whereas  in 
the  other  it  extends  from  the  bend  to  the  orifice.  As  the 
pressure  of  fluids  is  as  their  depth  without  regard  to  their 
volume,  the  hydrostatic  equilibrium  of  the  two  columns  is 
destroyed,  when  the  longer  one  necessarily  preponderates, 
upon  which  the  vacuity  left  in  the  upper  part  of  the  tube 
is  filled,  by  the  atmosphere  driving  fresh  portions  up  the 
other  leg.. 

But  siphons  could  not  act  at  all  were  it  not  for  that 

I  property  of  fluids  by  which  their  particles  cling  to  each  other.     The  tena- 

iC.ty  of  li([uuls   may  be   considered    like  that  cf  solid.s.  only  less  intense; 

•nd  thus  it  is  when  water  flows  through  a  siphon,  the  descending  porticle* 

I  actually  drag   down    those   above    them,  somewhat   like  a  chain  or  roje 

uue<ji:.>lly  cus^iended  over  a  pulley,  when  the  longer  end  pulls  the  shorter 

one  after  it      A  siphon  is  in  fact  a  contrivance  by  which  liquid  chains  or 

ropes  are  thus  made  to  act.     But  for  the  cohesion  of  li<|ui>Js  the  contents 

of  the  discharging  leg  Would   drop  out  like  sand,  and   no  further  eflfect 

would   follow — the   ro[>e  would   be   brok<;n,  and   the   gepHrated    parts  fall 

■sui.der.     The  influence  of  cohesion  in  the  action  of  .siphons  is  proved  by 

6 fact  that  very  short  ones  continue  to  operate  when  removed   into  i 
be  tenacity,  or  what  might  almost  \ie  called  the  malleability  of  liquids, 
IB    weniitifiilly  exemplified  in   soap  bubbles.      These  yield  to  impressions 
without  breaking.      They  fall  on  and  rebound  from  the  floor  like  bladders 
I  or   balls  of  india  rubber.      They  shake  in  the  wind,   and   their  figures  be- 
icome  altered  like  that  of  bnlloons  tofsed  to  and  fro  in  the  air :  all  this  they 
often  eiKJiire  before  their  shells  are  broken  by  evaporation. 

Siphons  are  exceedingly  diversified  iii  their  forms,  materials  and  uses. 
Thev  are  made  of  cylindrical  and  other  shaped  tabes,  and  l)Oth  of  uniform 
and  irregular  Imrc.  The  legs  of  some  are  parallel,  while  in  others  ihey 
iBieet  at  every  angle — sonielimes  straight  and  often  cn>oked — one  may  bo 
[larger  than  the  other,  or  both  may  be  alike  ;  they  also  may  be  separate, 
(one  loosely  •lipping  into  or  over  the  other.  Instead  of  tubes  siphons  are 
sometimes  formed  by  an  arrangement  of  plates,  and  also  by  a  combination 
lof  v.Tses.  This  plastic  property  has  occasioned  their  concealment  in  more 
various  forms  than  Proteus  over  assumed.  Siphons  are  made  of  (in,  cop- 
iper,  iron,  silver,  glass,  lead,  earthenware,  leather,  wood,  caries;  and 
(caplllnry  ones)  of  paper,  strips  of  clntli,  threads  of  cotton,  &c.  KxamT?les 
af  ibeir  various  forms  and  applications  will  be  found  noticed  in  the  foUow- 
ling  hic.toricai  sketch.      y 

The  orig.n  of  siphons  like  that  of  pumps  is  lost  in  antiquity.     Seme 


•  For  inrnnnnlinn  on  the  aetioM  of  ^tplioro.  in  vncno.  see  Buyle's  Wo-k«.  Iiv  Shaw 
»•!.  ii.  HH.     llUti>r_"  aiKl  .Mcmiilr*  ol'  iho  Freneli  Apiideiny,  iranala'ed  by  MuiUD  and 
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writers  of  the  last  century  attribiitpd  t)ieni  to  Ctesibirs,  (see  p*g»"  2fi8,) 
Serause  thev  were  useJ  in  some  oi'  hi*  water-clocks,  and  no  earliec  «npl; 
caUnn  of  tliem  was  then  known.  For  ".he  same  reason  llic  inveKtiui^  jf 
lootlicil  wheels  has  been  erroneously  ascnbed  to  him.  All  the  i.nfonna- 
tion  extant  respecting  the  ancient  nations  of  the  East  is  exceedinglj 
limited,  while  of  their  arts  and  details  of  their  mechanism  we  know  next 
to  nothing.  The  greater  part  of  our  ordinary  machines  cannot  be  traced 
to  a  higher  source  than  Greece,  but  Greece  itself  was  colonized  by  Ee7|)- 
tians ;  and  however  much  the  children  of  Cadmus  may  have  refined  on 
some  departments  of  the  usel^jl  arts,  the  general  mechatiisin  of  their 
ancestors  is  believed  to  have  passed  through  their  hands  lo  those  of  ''<• 
Romans,  and  from  thp  latter  to  us  with  little  alteration.  This  wai  oer. 
tainly  the  case  with  their  hydraulic  and  hydro-pneumatic  devices.  The 
•iphon  is  an  example.  The  ruimf  of  this  instrument  is  taken  from  a  Grirek 
word,  which  signiRes  simply  a  tube  ;  but  it  has  been  ascertained  that  the 
word  is  of  a  remoter— of  an  oriental  origin,  l)eing  derived  from  tiph  or 
iif,  to  imbibe  or  draw  up  with  the  breath,  and  whence  comes  our  exprps- 
sion  to  .tip.  Now  if  it  can  be  proved  that  the  siphon  was  in  use,  and  \va! 
charged  by  sucking  before  the  times  of  Grecian  history,  we  may  safely 
conclude  Uiat  a  more  ancient  people  furnished  the  Greeks  with  both  the 
instrument  and  its  name. 

The  researches  of  Rosellini  and  Wilkinson  have  settled  this  point. 
These  gentlemen  have  brought  to  light  irresistible  evidence  that  siphons 
were  used  in  Egypt  at  least  as  early  as  1450  years  before  Christ.  In  a 
tomb  at  Thebes,  which  bears  the  name  of  Amunoph  11,  who  reigned  at 
the  period  just  named,  they  are  delineated,  and  in  a  manner  too  distim:' 
to  admit  of  any  doubts.  See  No.  2-35.  Several  jars  are  represented 
upon  a  frame  or  stand.  Into  three  of  ihem  siphons  are  inserted  ;  two 
appari-'ntly  in  operation,  and  a  man  is  in  the  act  of  charging  the  other  hy 
sucking  :  the  contents  of  the  jars  being  transferred  into  a  large  %-aso  sup- 
ported upon  an  ornamental  stand. 
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Mr.  Wilkinson  sripposes  that  siphons  were  invented  in  Egyp4,  and  were 
used  to  decant  the  Nile  water  from  one  vessel  to  another.  He  savs  it  n 
necessary  to  let  this  water  stand  for  some  time  before  being  used,  tlist  the 
mud  suspended  in  it  may  settle  to  the  bottom.  On  this  account  vasci 
containing  it  cannot  be  moved  without  rendering  it  again  turbid,  and  tbe 
mae  efTvJct  is  produced  by  dipping  ;  hence  the  use  of  siphons.     The  coi>' 
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jecture  may  be  cori-cct,  but  it  do«s  not  i^erive  much  support  from  tin 
•:»c  of  thiiso  idslrumeiit;)  figured  at  No.  ^36  ;  fur  unless  tlierc  was  son^ 
eontrivanc;  to  prt-veiit  tlif  ends  of  die  sijilions  IVoni  going  too  tiesr  th.? 
bntiiirn  of  \\\e  jure,  scarci-ly  any  thing  would  more  eH'ectually  disturb  Rn<i 
Jraw  (iff  tVie  sudinienl  with  the  waier.  The  tuljcs  were  obviously  of 
•otni-  flexible  material,  and  from  the  manner  in  which  they  are  held,  it 
¥ruultl  lie  impossible  for  the  person  using  them  to  regulate  by  hand  the 
deulii  u>  which  the  short  legs  were  inunersed.  Moreover,  another  ttttii- 
viuua!  (omitted  in  our  illustration)  is  reprenented  pouring  a  li(|uid  into 
one  of  the  jars,  an  operation  that  would  effeclually  dis-turb  the  sediment. 

Insteau  of  water,  jars  so  small  pruliably  cotitained  wines,  and  the  artist 
designed  to  exhibit  tie  rrode  of  mixing  them  ;  a  cominon  practice  of  old, 
mad  ooe  referred  to  ir.  several  parts  of  the  scriptures.  The  Egyptians 
were  much  given  to  .uxurious  liviog,  and  especially  with  regard  to  wine, 
•  fact  which  the  sculptures  corroborate,  for  scenes  of  gross  excess,  and  in 
feicales  too,  are  portrayed.  7.'he  Jews  we  know  curried  with  them  into 
Palestine  not  only  the  arts  but  many  of  tlie  worst  habits  of  the  Egyptians, 
And  i)ie  excessive  indulgence  of  mixed  wines  was  one.  "Woe  unto  them 
''lAt  are  mighty  to  drink  wine,  and  men  of  strength  to  mingle  strong 
Jrlnk."  Isaiah  v,  22.  "  She  hath  mingled  her  wine,  she  halh  also  furnished 
her  table."  Prov.  ix,  2.  "  They  that  tarry  long  at  tlie  wine,  they  that 
go  to  seek  mixed  wine."     Ibid  xxiii,  30. 

Otiier  examp''?s  of  the  early  use  of  siphonsare  met  with.  In  the  tomb 
cf  Kemeses  III.  who  flourished  123o  B.  C,  is  a  re|)reseniaiion  of  an 
Egyptian  kitchen,  with  the  various  operutioiii  of  slaying  animaU,  cutting 
up  the  joints  and  preparing  them  for  cooking — kneading  dough  witli  the 
feet,  and  paste  with  the  hands — making  cakes  and  confectionary,  &c.-^ 
Of  kitchen  furniture,  there  are  tables,  jars,  plates,  cauldrons,  bellow?, 
ovens,  molds,  pestle  and  mortar,  knives,  b-iskets,  &c.,  and  su.-<pended 
on  ropes  or  rodj,  o  number  of  sip/ions ;  showing  evidently  that  those 
ii.^trMcr.ents  were  in  constant  requisition.  See  No.  23G.  These  were 
pr>'.b)bly  adapted  for  jars  of  certain  ileptlis.  unlike  those  in  the  preceding 
Djiure,  which  seem  to  have  been  appropriated  to  dill'erent  sized  vessels, 
and  their  shape  altered  as  occasions  tiiighl  re>|uirc. 

Hew  singular  that  these  philosophical  instruments  should  have  "been 
more  common  before  the  siege  of  Troy  than  at  the  present  day  !  And 
how  precious  are  those  monumental  records  tiiat  have  preserved  this  and 
other  facts  of  the  kind  ! 

The  circumstance  of  siphons  having  been  used  in  Egypt  at  so  early  a 
period  may  be  deemed  conclusive  that  other  nations  were  not  ignorant  of 
ih^m.  With  Egypt,  all  the  famous  people  of  antiquity  maintained  an 
intercourse ;  and  enterprising  men  flocked  from  all  parts  to  acquire  a 
knowledge  of  the  arts  ar.d  sciences  that  were  cultivated  on  the  banks  of 
llie  Nile.  Their  neighbours,  the  Jews,  as  a  matter  of  course,  were  ac- 
quainted with  siphons,  and  there  is  probably  n  relerence  to  them  in  John 
ii  "  Jesus  saith  unto  them,  fill  the  water  [)n(s  with  water.  And  they 
filled  them  to  the  lirim.  And  he  said  unto  liiem,  liraw  out  now  and  bear 
onto  the  governor  of  the  feast,  and  tliey  bare  it."  How  did  they  draa 
tins  liipiid  f  Certainly  not  by  inclining  the  jars  and  jH/uring  it  out;  nor 
yet  does  it  appear  to  have  been  done  by  Jij/ping :  for  as  the  large  pot» 
were  tilled  to  the  very  brim,  this  would  have  caused  the  liquid  to  over- 
flow. It  is  more  reasonable  to  suppose  that  small  siphons  were  used  on 
the  occasion,  and  that  they  were  charged  by  sucking,  as  represented  in 
Nj.  235.  This  and  tliis  only  clearly  accounts  for  the  fact  that  Uiose  who 
drew  ilie  liquid  were  first  aware,  as  they  must  have  been,  of  the  change  il 
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had  aniinrgone.  This  r.liange  does  not  seem  to  liare  aflecBed  die  eolor, 
for  not  till  lie  tatted  of  it.  was  th«  prcnidinp  officer  bimsetf  sensikle  of  il 
beiii^  wine.  "  When  the  ruler  of  the  feast  had  Uuted  tlte  water  tbit  •ana 
made  wine,"  he  "  knew  not  whence  it  wu,  but  the  aeiwawa  tiiu  dre-w  tba 
water  knew." 

So.  235  probftlily  was  ilo»i<jned  to  represent  one  of  Pharaoh'*  b-:?''« 
engagwl  in  thai  purt  of  liis  duty,  which  rt»niiireil  him  to  drmw  and  ucx  iti« 
king's  drink.  Such  officers  furnn-d  |»art  of  Urge  estaUishmeots  aTui^ 
the  ancients,  and  so  ihey  do  in  nnodem  tiraes.  Switzer,  ipesking  of  •■"lail 
•iphons  obacrvcs,  "  i)ie  insinuation  of  air  is  such  that  wine  will  qot  alwayi 
keep  on  its  regular  accent,  without  the  butler  puts  his  raouth  aomrdma  Co 
il,  to  give  it  a  new  suction." 

One  of  the  rnodus  \>y  which  Ctesi)>ius  applied  siphons  to  cleptydne, 
will  l>c  found  figured  in  a  subsequent  chapter. 

Were  the  old  philosophers  of  Egypt  acijuainted  Mrith  the  principle  on 
which  the  siphon  acts  ?  Doubtless  they  were,  else  they  could  never  have 
diversified  its  form  and  adapted  it  with  such  admirahle  ingenuity  to  the 
great  variety  of  purposes  both  open  and  concealed,  which  we  know  ib«y 
did.  In  connection  with  hydromancy  it  was  made  to  play  an  ini|>oftant 
part.  Magical  goblets  were  often  nothing  else  than  moditicaiions  of  siphons; 
and  from  the  Spiritalia  we  learn  that  they  formed  the  basis  of  more  com- 
plex and  imposing  apparatus.  The  tricks  connected  with  the  glass  tomb 
of  Belus,  and  the  miraculous  vases  in  the  temple  of  Bacchus  probably 
depended  upon  siphons  ;  and  most  writers  on  the  vocal  «tatuo  of  Memnon 
have  introduced  them  as  essential  parts  of  the  supposed  machinery  ;  imi-  h 
tating  in  this  respect  the  apparatus  described  by  Heron  for  producing  V 
mysterious  sounds  from  the  figures  of  men.  birds,  &c. 

Heron  is  more  dili'use  on  the  subject  of  siphons  than  any  other  writer. 
Upwards  of  twenty  problems  in  his  Spiritalia  relate  to  or  are  illustrrated 
by  them  ;  and  from  him  we  learn  that  these  instruments  were  in  his  lima 
employed  on  a  large  scale  in  draining  and  irrigating  land,  vi».  by  transfer- 
ring water  over  hills  from  one  valley  to  another.  This  use  of  the  siphon 
was  iirobably  (juile  as  common  under  the  Pharaohs  as  under  the  Ptolemies; 
for  Heron  does  not  intimate  that  it  waa  novel  in  his  time  any  more  than 
'lie  instrument  itself. 
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The  above  figures  are  illustrations  of  the  first,  second,  third,  and  thirtietli 
problems  of  Heron'*  work 


Liquidt  ofdifferefU  Specific  Gravities. 


fC 


519 


No.  237  (tl)c  first  figure  !n  the  Spiritalia)  represents  an  ordinary  siplion 
sliiiEj  over  tJie  handle  of  a  vase,  within  which  the  short  let{  Is  inserted. 
This  ii'Strunaeiit  was  charged  by  sucking,  as  the  more  ancient  ones  in  the 
i*?'  '■••il. 

No.  2Jb  exiiiblta  another  form  of  the  siphon,  consisting  of  two  straight 
and  separate  tubes,  th.;  smalle-  one  of  which  is  inserted  through  the  bot- 
tom ot  the  covered  vase,  ana  reaches  as  high  within  it  as  the  hi|uid  is 
required  tc  stand  Over  this  tube  anotlier  one  is  slip|>ed  whose  upper 
find  is  closed  air-tight.  Hence  it  is  ol>viou»  that  when  the  liquid  is  higher 
than  the  orifice  of  the  inner  tube  which  forms  the  long  leg.  il  will  ascend 
between  the  lubci  and  continue  to  be  discharged  as  in  the  common  siphon, 
until  the  surface  descends  below  the  lower  end  of  the  outer  lube,  or  short 
'eg.  Here  the  liquid  is  discharged  from  the  bottom  of  the  vessel,  not 
over  its  rim  as  in  the  ftaceding  figijre.  The  siphon  admits  of  a  great 
variety  of  modifications,  some  of  which  in  the  hands  of  ancient  jugglers 
contributed  not  a  little  to  ama?.e  the  ignorant.  The  contents  of  the  largpe 
rases,  often  permanently  fixed  in  temples,  could  and  doubtless  often  were 
secretly  emptied  by  contrivances  of  this  kind  ;  the  siphons  of  course  being 
concealed  in  the  ornaments,  handles,  or  other  adjuncts.  The  six  vessels 
of  wine  placed  daily  in  the  temple  of  Bel,  which  the  priests  clandestinely 
em,'  tied  every  night,  might  have  b;en  more  neatly  robbed  of  their  conlenU 
by  concealed  siphons,  than  by  entering  throiii;h  a  ivrrH  jwimngr  under  the 
Mt/tr  i  but  as  the  abstraction  of  the  more  solid  food  which  the  jiriesls  pre- 
tended was  consumed  every  day  by  the  brazen  deity,  (forty  sheep  and 
twelve  measures  of  floor.)  required  some  contrivance  like  the  latter;  the 
vases  were  emptied  at  the  same  time.  (Story  of  Bel  and  the  Dragon.] 
The  romantic  account  by  Herodotus  of  the  robljery  of  Rhampsinilus'  trea- 
sury, slows  to  what  extent  the  system  of  secret  passages  was  carried,  and 
ihe  ingenuity  with  which  they  were  made  and  concealed. 

The  velocity  with  which  water  flows  from  an  ordinary  siphon  necessarily 
diminishes  as  the  surface  in  the  reservoir  falls.  In  some  cases  a  uniform 
discharge  is  desirable.  No.  239  shows  how  ancient  engineers  accomjilished 
this.  A  float  or  hollow  dish  was  attached  to  the  end  of  the  short  leg,  so 
that  the  instrument  descended  with  the  water.  The  long  leg  was  jiassed 
loosely  through  two  openings  in  projecting  pieces  that  preserved  it  in  the 
proper  position. 

The  difference  in  the  specific  gravity  of  liquids  was  a  fruitful  source 
of  deception.  Many  capital  tricks  were  based  upon  it,  cs|>ecially  when 
the  lighter  fluids  employed  were  of  the  same  color  as  those  on  which  they 
reported.  If  for  example,  a  ves.sel  contain.-;d  oil,  wine  and  water,  these 
liiiuids  oould  be  discharged  by  a  siphon  like  No.  239  in  the  same  order; 
and  by  secretly  raising  or  Inweririg  an  ordinary  one,  or  the  moveable  tube 
in  No.  23S,  ar.y  one  liquid  could  be  drawn  off.  Fresh  water  being  lighter 
than  suit  is  ofter.  found  some  distance  a',  sea;  and  sailors,  like  old  jugglers, 
cati  draw  up  either,  according  to  the  deph  to  wlr.ch  their  buckets  uro 
i:nmersec.  Four  miles  from  the  nio.itn  of  the  Mississippi  the  fresh  water 
1.  ilxiut  two  feet  deep,  and  at  ten  miles  it  may  be  obtained  by  careful 
uipping. 

In  problem  XXX  of  the  Spiritalia,  Heron  shows  how  siphons  may  be 

noraled  witliiii  the  figures  o(  oxen  or  other  animals  in  the  act  of  dsink- 
ing  •  the  orifice  of  the  short  leg  being  at  the  mouth,  and  that  of  the  long 
ane  in  one  of  the  feet  see  No.  240.  Wi.en  the  bore  of  the  siphon  it 
properly  adjusted  to  the  quantity  of  water  1o  v  z.g  -lAv  a  basin,  tlie  auinuJ 
lear  to  drink  the  ^'tole. 


Sl6r  Tantalut' Cupt—^faBUi  Pitchert.  [Book  V 

/-       The  followina  repri'serilu  mitnbcT  ofTaiimius' cups,  njoglo  gafi'.eu,  &U 

►^**C3'  fti  No.  2U,  llie   long  leg  of  the  sijihon   pa<si:&  tJiroug^i  Uit;  1)mii.  •       "  >iu 

vessel,  iiiitl  tlie  short  one  reimiitis  luove  ;  so  ihat  when  li  'isei 

o»cr  the  bend,  it  will  be  dischur^ed  by  Ine  siphon  into  the  >.»•..  .^.ut. 
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Devices  of  this  kind  Hilmit  of  numerous  modifications  h\  which  the  luhe 
mav  be  concealed.  When  it  is  enclosed  within  the  figure  of  a  man,  (the 
Water  entering  at  one  foot  slightly  rnisod,  and  passing  out  through  the 
other,)  the  vessel  is  named  a  Tantalus'  cup,  and  the  liquid  instead  of  enter- 
ing the  mouth,  as  in  No.  2-10,  only  rises  to  the  chin,  and  tlicn  runs  away — 
illustrating  tlie  classical  fable,  which  represents  Tantalus  suffering  the 
tortures  of  thirst  in  the  midst  of  water  that  reached  to  his  lipg,  but  which 
on  his  attempting  to  taste  sunk  below  his  reach  ;  hence  the  origin  of  oui 
word  tantalize,  and  its  relatives. 

Next,  tiiirring  Erievoii«  torinPDt<,  I  beheld 

Tiintnliis  :  in  a  pool  he  vlood.  hi*  chin 

Wajih'd  liy  the  wnvr ;  tliirsl  pnrch'tl  he  scem'd,  bat  found 

Noiijctil  to  aitiiiHijee  hm  thirst ;  fnr  when  he  bow'd 

HiK  honry  hcnrj.  ardeni  in  cpinH*.  the  llitod 

Vnnifitrd  abAorb'(i,  nnd  n(  his  (Vt;t.  adimt 

The  Hill  appear'd,  dried  inntaiit,  by  the  gods. 

Ody».  XI. 

It  is  supposed  the  fable  was  intended  to  illustrate  the  influence  of  art- 
rice,  by  which  misers  in  the  midst  of  plenty  often  deny  themselves  the 
necessaries  and  comforts  of  life 

Sometimes  the  si(]es  and  hot'om  sf  Tantalus'  cups  are  mads  hollnw  am) 
the  siphon  formed  within  them.  No.  242  is  one  of  these.  An  oxnmini- 
lion  of  it  will  siitfi  ;;ently  explain  the  construction.  A  small  opening  new 
the  bottom  'which  may  easily  be  concealed)  commilnir:ites  with  a  pi«<isage 
^_  formed  by  a  ]>arTition,  above  the  top  of  which  the  liqiiid  must  nsc^beforfl 
.  n^  ''  can  pass  J.tw.i  the  other  side  into  the  base  of  the  cup. 
^t^  In  No.  243  the  siphon  is  formed  within  the  handle.  The  short  leg 
communi::Bie8  with  the  lower  imrl  of  the  cup  at  the  swell,  so  as  not  easily 
to  be  detected,  and  the  long  one  with  the  cavity  formed  below.  Th.i 
figure  represents  a  Tantalus'  (  qi  in  our  possession. 

■^  A  liquid  is  retained  in  one  of  these  as  in  an  ordinary  goblet,  so  long  u 
ihe  surface  does  not  reach  above  the  highest  part  of  the  siphon);  but  if 
the  cup  be  once  incliieJ  sj  as  to  net  the  latter  in  operation,  the  contetiti 
will  gradually  be  trai-.srerre  j  'o  the  hollow  b^se,  and  this  whether  the 
ressel  be  replaced  in  an  upright  position  or  not.     Thus  tuikarda  h»ve 
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,  so  contrived  that  the  act  of  applet*  tliem  to  the  lips  gharj^d  the 
n,  and  tlie  li(]uid  instead  of  entering  tho  mouth  then  passed  lli  rough 
Ulcgul  passage  into  the  cavity  formed  for  its  reception  below.  By 
lling  the  ciipacity  of  the  siphon  sufficiently  large,  a  person  ignorant  of 
I  device  would  find  it  a  ditiicult  matter  even  to  taste  tjie  contents  how- 
ever thirsty  he  might  be.  In  the  dark  ages,  simple  people  Tvould  naturally 
on  such  occasions  give  credit  to  legends  respecting  mischievous  demons 
loving  beer  and  taking  these  opportuniii<>s  to  get  it.  Dishonest  publicans 
whose  sign-boards  announced  "  entertainment  for  man  and  beast,"  are 
•niJ  to  have  occasionally  thus  despoiled  travelers  of  a  portion  of  their  ale 
or  mead,  as  well  aa  their  horses  of  feed.  Oats  were  put  into  a  perforated 
Uknger,  and  a  large  part  forced  through  the  openings  into  a  receptable 
below,  hy  the  movements  of  the  hungry  animal's  mouth. 

Martial  the  Roman  poet  refers  to  tricks  of  ancient  publicans,  and  what 
will  surprise  some  readers,  he  complains  of  having  had  wine  foisted  on 
him  iii:itL<id  of  water.  Ravenna  was  oiiginally  built  like  Venice  on  piles, 
•nd  was  a  sea-port,  though  now  several  miles  inland.  Water  has  always 
been  extremely  scarce  at  this  city,  and  probably  was  more  so  formerly 
tbftn  at  present.  In  the  poet's  time  it  seems  lo  have  brought  a  higher 
price  than  inferior  kinds  of  wine.     Hence  his  complaint : 

By  a  Rnvrnnn  vintner  once  belray'd, 

So  much  for  w'lm-  niirt  water  mix  d  I  pnid; 

But  wlirn  )  tluMiehl  Ih*^  piirrh:u>'d  lii]iinr  rnin<?. 

The  nucal  fobbd  me  till' with  wine.         L.  iii,  Ep.  57.     Adilimm. 

No.  244,  a  magical  pitcher,  from  the  eighth  problem  of  the  SpiritaKa. 
The  siphon  is  not  employed,  but  the  device  is  allied  to  the  preceding 
on«s.  A  horizontal  partition  or  dia])hragrn  perforated  wilh  mmule  holea 
divides  the  vessel  inio  two  parts.  The  handle  is  hollow  and  uir-tight, 
•s.-Q  at  the  place  where  ils  low  rr  end  is  connected  to  the  pitcher,  a  tube 
^•loceeds  from  it  and  reaches  nearly  lo  the  bottom.  At  the  upper  jiart  of 
Ihe  handle  a  small  hole  is  drilled,  where  the  thumb  or  finger  con  readily 
cover  it.  It  should  be  disguised  by  some  neighboring  orniiment  or  scroll. 
If  this  oitcfier  be  half  filled  with  wati^r  and  inverted,  the  lii]uid  would  l>o 
retaineo  as  long  as  the  small  hole  in  the  handle  was  closed — beino;  sus- 
pended as  in  the  atmospheric  sprinkling  i»ot.  No.  69  and  70,  ntiA  in  Tulia'a 
•ie*e.  No.  74.  If  tlie  lower  part  be  filled  with  water  and  the  upper  with 
wine,  the  liquids  will  not  mix  as  long  a^  the  small  hole  in  ihe  handle  is 
closed  ;  the  wine  can  then  either  be  drunk  or  poured  out.  If  the  hole  be 
left  some  lime  open,  a  mixture  of  both  li(]uors  will  be  discharged.  With 
a  vessel  of  this  kind,  says  an  old  writer,  "  You  may  welcome  unbidden 
guests.  Having  the  lower  part  already  filled  with  water,  call  lo  your  ser- 
vant to  fill  your  pot  wilh  wine  j  then  you  may  drink  unto  your  guest, 
drinking  up  all  the  wine  :  when  he  takes  the  pitcher  thinking  to  pledge 
you  in  the  same,  and  finding  the  contrary,  will  happily  stay  away  until 
ne  be  invite f,  fearing  that  his  next  presumption  might  more  sharply  be 
re  warded." 

/  r  tiie-  old  way  of  getting  rid  of  an  unwelcome  visiter,  was  by  offering  ^^-^ 
liini  wine  in  a  cup  resembling  No.  245.  The  sides  were  double,  and  an 
air-tigh;  cavity  formed  between  them.  When  the  vessel  was  filled,  some 
of  the  li-,iiiii  entered  the  cavity  and  compressed  the  air  within  ;  so  that 
wiier  lite  cup  was  inclined  to  the  lips  and  partly  emptied,  the  pressure 
b«i'-g  tiiioinwhed,  the  air  expanded,  and  drove  part  of  the  contents  in  the 
f*cc  "f  the  drinker.  Porta,  in  his  Natural  Magic,  (Eng.  translation.  1658,) 
men  lions  several  similar  devices,  but  they  are  all  to  be  found  in  one  ibrm 
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or  anotlier  in  die  Spirt'.alis.  One  goblet  wm  bo  contrived  that  "  no  tntr 
can  driiili  out  ol' it  hiil  he  who  knows  the  art."  The  U<]uid  was  suspcmJeO 
in  cavities  and  discharged  by  ndmuting  or  excluding  air  thrniigh  «crrM 
openings.  Anr>ther  one  "  lor  making  sport  with  thecn  ibit  sit  at  lahle  willi 
ui,"  a  cup  into  which  wine  was  poured  in  the  presenca  of  the  drinker,  b-il 
who  could  derive  from  it  nothing  but  water,  ice. 

The  necromancers  of  the  Tartars  and  Cathayans,  [Chinese,]  wv* 
Parchas,  "  are  exceedingly  expert  in  their  divcLisb  art.  They  cause  t'i»t 
the  bottles  in  the  hall  of  the  great  khan  doe  HII  the  howls  [cupsj  of  thuirown 
accord,  which  also  without  man's  help  pa.«s  ten  paces  through  (he  ayre  into 
the  hands  of  the  great  khan  ;  and  when  ho  hath  drunke,  in  like  s«irt  'iiej 
returne  to  their  place."  The  cups  were  doubtless  filled  and  moveil  by 
some  ingenious  device;  but  this  being  concealed,  the  whole  was  of  course 
miraculous. 

Among  the  antiquities  of  Lunenburg  was  a  magical  goblet  or  ewer, 
"  une  aiguiere  dans  iaquelle  il  y  a  un  tecret  hydraidiqMe."  (Le  Curieux 
Antiquairo,  a  Leide,  172'J,  torn  li,  495.) 

From  the  time  of  Heron  up  to  the  16lh  and  17th  centuries  little  speciiic 
information  respecting  siphons  is  to  be  met  with.  They  were  of  count 
known  to  the  Romans.  Sir  Wm.  Gell  supposes  some  miKlifioation  of  tbetr 
was  employed  in  connecting  the  large  boilers  in  which  water  was  hcaKvi 
for  the  public  baths.  It  appears  from  discoveries  made  in  Pompeii  that 
these  vessels  were  closed  on  all  sides  and  bore  some  reseml>lnnce  to  the 
bodies  of  modern  slillii ;  and  that  to  economize  the  heat,  three  of  them 
were  placed  upon  each  other.  The  lowest  one  in  contact  with  the  firo 
was  the  largest,  and  named  "  the  caldarium,  that  above  it  die  tepidarium, 
and  the  uppermost  which  was  supplied  with  cold  water  directly  from  the 
aqueduct  or  other  reservoir  the  frigidarium  ;  and  they  were  so  contrived, 
by  means  of  something  of  the  nature  of  a  siphon,  that  when  the  waior  of 
the  lowest  was  drawn  off  for  the  Imlh,  an  e(|uiil  quantity  descended  simul- 
taneously from  the  second  to  the  lowest  cauldron,  and  Irom  the  uppermost 
to  the  second."  Julius  Pollux,  who  lived  in  the  second  centurv,  infortni 
us  that  siphons  were  used  for  tasting  wine.  They  are  also  referred  to  br 
other  ancient  writers,  hut  as  several  instruments  were  designated  by  ih* 
same  name,  it  is  ditficult  to  delennine  with  precision  what  particular  one 
was,  in  every  case,  intended.  It  is  very  probable,  from  the  remark  of 
Pollux,  which  is  corroborated  by  the  illustration  No.  235,  that  siphoni 
were  employed  by  ancient  vintnert  and  private  gentlemen  for  decantlsi 
wine,  just  as  lite  same  classes  use  them  at  diis  day. 
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The  earliest  mod*  rn  figures  of  Biphons  that  we  have  met  with  ar?  in  lit 
German  transla'ion  oi  Vegetius,   Krffurt,  l.Sll.     The  above  figuies,  No) 
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846  and  247  are  copies.  Both  are  designed  to  show  the  application  of 
these  instruments  for  Ininst'erring  Inrge  quanrilies  of  water  over  rising 
grounds,  as  mentioned  \>\  Heron.  No.  246  is  formed  entirely  of  wooden 
planks  strongly  nailed  together.  The  upper  ends  of  the  two  trunks  or 
pipes  are  united  to  a  square  and  close  box,  by  means  of  which  they  were 
charged  llirough  the  o]iening  on  the  top.  The  lower  orifices  were  tem- 
porarily closed  by  plugs,  figured  below  with  short  ropes  attached.  When 
the  whole  was  filled,  the  hole  at  the  top  was  closed  by  driving  in  the  stoj>- 
per,  figured  near  it,  and  then  the  two  plugs  below  were  withdrawn  by 
tneans  of  the  ropes. 

There  is  little  doubt  that  Inrge  siphons  made  of  planks  and  jointed  or 
lined  with  pitch  would  work  well,  even  if  they  were  not  perfectly  tight, 
provided  the  orifice  of  the  dischargina^  leg  was  considerably  lower  than 
the  surface  of  the  water  m  which  the  short  leg  was  placed. 

Heron  directed  large  siphons  to  be  filled  through  a  funnel  at  the  top, 
and  the  orifices  closed  below,  as  represented  in  Nos.  246  and  247. 

No.  247  was  of  metal,  but  charged  like  the  last  by  means  of  a  wooden 
bo.T  ;  the  opening  to  admit  the  water  and  its  stopper  being  clearly  repre- 
sented. There  appears  no  device  for  closing  the  lower  ends  of  this 
siphon  ;  and  as  they  enter  the  water  perpendicularly,  the  plugs  and  ropes 
used  in  No.  246  would  hardly  apply.  Probably  the  short  leg  was  closed 
by  a  vnlre  opening  upwards  at  the  bottom  of  the  box,  on  which  account 
the  latter  was  made  conical  to  afFord  room  for  it  to  play.  I'his  valve 
would  be  sufficient  for  the  purpose  of  charging  the  siphon,  provided  the 
upper  part  of  the  box  was  higher  than  any  other  part  of  the  instrument. 
We  therefore  suppose  that  the  disproportionate  size  of  the  box  and  its 
being  figured  below  the  bend  are  errors  of  the  artist. 

Of  modern  improvements,  the  addition  of  sucking  tubes  by  which  sma)^ 
siphons  are  now  commonly  cliarged  was  the  first.  It  is  uncertain  when 
or  by  whom  they  were  introduced.  They  do  not  appear  to  have  been 
much  used,  if  at  all,  before  the  early  part  of  the  last  century  ;  for  all  the 
*iphons  described  in  old  treatises  on  chemistry,  distilling,  &c.  invariably 
Consist  of  single  tubes,  which  were  either  charged  by  immersing  them,  or 
by  drawing  out  tlie  air  from  the  orifice  of  the  discharging  leg  by  the 
mouth.  It  may  contribute  to  some  future  history  of  the  siphon  to  preserve 
a  few  c'  these. 
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The  first  two  are  from  the  English  translation  of  one  of  Conrad  Gesner'i 
vrorks,  L'mu.  1590.  (StJ  J-age  381  of  this  volume.)  S|>eaking  of  draw- 
ing off  w-ater  from  the  head  oi  a  still,  (he  author  observes,  "You  may  put 
cerlaine  draying  pipiii  into  the  cover  such  as  you  see  here  livclie  pnrtray- 
ed."  Copies  of  the  sair...  «re  inserted  in  several  other  old  works.  In 
'*  Maison  Rustique,"  Paris,  1674,  folio  217,  they  are  to  be  seen,  and  the 
initrumenls  are  said  to  have  been  ni^de  of /in  jilate  ■  (tuynux  dejcr  bltinc.') 

*  Ti.'.i  tcaiilirtil  iiiiiniifarttire  (tin  plnte'  wh.r>  ci  ntribiiten  •o  largely  to  the  rnrni>hiB| 
»f  oil'  kilctirn/.  Ac  '  ■  mipposed  to  be  •,''  an:  ^ni  date.  The  tierinans  wcrs  the  fint 
Bukbi  b  of  it  i;:  oiodem  Umea. 


MA 


Sticking  7W* — Val>^e-Si/>^/m. 


rB.K>kV 


No.  250  is  from  ihe  "  Diction iiai re  (Ecunotnitjiic,"  Parts,  1732,  3d  ••Jii, 
Tome  i,  SG4.  Il  is  obviously  copied,  willi  ihe  distilling  apuaratiu  nf  uliich 
it  forms  a  part,  from  some  oldor  work.  No.  248  dift'ers  in  iiotlutig  troni 
lliose  belonging  one  of  the  Pharaohs,  (No.  236,)  while  the  forms  of  Not. 
249  and  260  are  evidently  owing  to  the  material  of  which  ihey  are  made, 
viz.  tinned  iron;  the  legs  were  separate  pieces,  and  their  junction  formed 
an  acute  angle. 

The  sucking  tube  is  not  figured  by  Decaus,  Fludd,  Moxon,  Boyle,  Beli- 
dor  ;  nor  yet  by  Rohault,  GravesanJe,  Desaguliers,  and  'he  Abbe  Nollet, 
although  It  was  in  use  before  the  popular  works  of  the  last  named  aulhon 
were  published,  iiwilzer,  in  his  Hydrostatics,  1729,  has  figured  a  siphon 
for  trnnsfurnng  water  over  a  hill  with  a  short  sucking  tul>e  attached  :  btU 
this  is  placed  near  the  top,  and  was  designed  to  draw  oS*  the  air  tbal 
mi>;lit  accutnulate  at  the  bend  after  the  instrument  had  been  some 
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in  use. 

In  .Marlin's  "Philosophical  Grammar,"  Lond.  1762,  sixth  edit  No.  251 
is  represented.  The  sucking  tube  appears  but  as  the  nucleus  of  the 
moilern  one,  being  a  very  short  conical  piece  attached  to  llie  extremity 
of  the  discharging  leg.  The  figure  we  suppose  was  in  the  previous  edi- 
tions of  the  work.  It  was  copied  into  the  London  Magazine  for  1764, 
p.  584,  and  is  there  named  "  the  syphon  or  crane  in  common  lue."  But 
the  sucking  tube  was  fully  developed  before  these  dates.  In  "  Arts  et 
Melieri«s,"  it  is  not  curtailed  of  its  fair  proportions.  The  treatise  on  the  Art 
of  the  Ciiojier,  (Art  du  Tonnelier.)  was  published  in  1763,  and  in  it  No. 
252  is  given  as  the  siphon  then  used  in  Paris  for  emptying  wine  casks.  &c 
It  wius  made  of  tin  jilate,  and  for  the  convenience  of  hanging  it  up  when 
not  in  use,  a  ring  was  attached  to  the  ujiper  part.  "  Ce  siphon  est  connu 
sous  le  noin  dc  fompr."     (Folio  edit.  p.  47.) 

"  L'Art,du  DistillrttiMir  Liijuoriste,"  was  published  in  177.5.  In  it 
another  valuable  inodirication  of  the  siphon  is  exhibited.  See  No.  253. 
This  in  its  outline  resembles  the  precejiiig  one,  being  made  of  the  same 
material.  It  has  no  sucking  tube,  but  the  ilischarging  leg  is  closed  by  a 
cock,  and  the  receiving  one  by  a  light  valve  opening  inwards  ;  hence 
when  once  charged,  this  siphon  would  always  remain  so  while  the  cock 
was  kept  shut :  il  could  be  moved  from  one  vessel  to  empty  another  at 
pleasure,  for  as  soon  as  the  end  of  the  short  leg  was  imnier»e<l  and  the 
cock  opened,  it  would  commence  to  act.  This  instrument  was  named 
"  tiphnn  a  rhipcl."      (Fulio  edit.  p.  140.) 

The  more  common  fnnti  uf  ilie  siphon  as  now  used  is  shown  at  Na.  854. 
a  valve  in  the  shtirt  le.2  being  dispensed  with.  Small  insliuments  art 
go  easily  charged,  thiit  little  or  no  advantage  is  derived  from  kcepinij  them 
filled.  Liijuiils  confined  in  them  become  insipid,  and  in  sop""?  cases  tainted 
by  the  rnaluriul  oF  the  tube  ;  besides,  as  small  siphons  are  required  IT 
decant  diircrent  Itijuids,  their  contents  must  be  discharged  every  lime  the 
liquid  is  changed.  On  these  accounts  the  valve  has  been  dropped.  Tb« 
junction  of  the  sucking  tube  with  the  discharging  leg  must  abvavs  !>«  kept 
below  tlie  surfrtce  of  the  fluid  to  Im;  drawn,  as  the  virtual  length  of  the  leg 
there  terminates.  By  means  of  the  cock  the  discharge  can  olwavs  be 
regulated,  and  when  a  receiving  vessel  is  fiUed^-entirely  stopped  unlil 
another  vessel  is  prejiared. 

Siphons  with  sniiill  syringes  attached  for  the  purpose  of  charging  tlieiti, 
are  freipiently  made  by  silversmiths  for  oocanting  wine  frrm  ordinary 
bottles,  &c.  See  No.  255.  The  capacity  of  the  syringe  ^hoidi  eouil 
tfau  of  the  siphon,  as  one  stt':^9  only  (an  upward  one)  oi  the  pislor.  "<»? 
te  used.     Atmospheric  and  forcing   ynnpt  are  oflen  used  tc  cLarg?  nrj 
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^Hgr  si|ihon8  ;  the  former  hoing  applied  to  the  discharging,  exd  the  latter 

^Pthe  receiving  orifice. 

Of  devices  fiir  stripping  and  rfuewliig  the  disclinrire  without  either  cocka 
or  valve?,  .h»"  Virlcmfmrg  si/i/'C,  '*  the  oldest.  It  was  so  named  from 
its  inventio-  in  that  city.  The  legs  are  of  ei^ual  length,  and  to  prevent 
the  admission  of  air  when  the  instrument  is  not  in  use,  flieir  ends  are  bent 
upwards.       "ee  No.  S56.     (For  the  convenience  of  discharge,  one  end  is 

^^■nmonly  recurved.)     The  alledged  advantages  of  this  siphon  over  others 

^^pre  more  maginary  than  real.  It  was  at  one  time  announced  a.s  "a  very 
eXTiacrdinary  machine,  performing  divers  things  wiiich  the  common  siphon 
canno:  reach."  Thus,  when  ihe  tegs  were  inserted  in  different  ves.scis,  it 
was  »ai»l  to  preserve  the  liquid  at  the  same  level  in  lioth  ;  and  although 
the  leg*  were  of  equal  length,  vnler  rose  iiidilFerently  up  one  and  descend- 
ed throjjh  the  other,  besnles  other  properties  which  in  fact  are  c(tmm<m 
to  fill  siphons.  Its  only  peculiar.ty  consists  in  the  ends  of  the  legs  being 
turned  upwards,  so  as  to  retain  the  fluid  within,  and  thus  be  always  ready 

«use  :  but  this  retention  of  the  contents,  although  iheoreticnily  true,  is 
fli.tice  hardly  attainable,  since  it  rcijiiircs  ihe  orifices  to  lie  always 
served  on  the  same  horizontal  line — a  condition  extremely  difficult  to 
perform,  except  with  very  small  instrumentu,  and  whose  ends  are  turned 
congideraldy  up.  If  the  ends  reach  only  to  a  level  with  the  upper  side  of 
the  flexure,  the  slightest  change  of  position  makes  one  leg  Umger  than  the 
I'ther  ;  air  is  admitted,  and  in  a  moment  the  whole  contents  are  expelled. 
A  siphon  thus  made  of  inch,  or  j  inch  tubing,  could  not  be  moved  from 
one  vessel  to  another,  or  hung  against  a  wall,  without  the  contents  being 
diiplaced.  Disks  or  stopjiers  placed  over  the  oritices  would  prevent  this, 
but  lliey  wouia  virtually  be  valves.  The  Wirtemburg  sijihon  is  conse- 
quently seldon.  seen  except  in  the  lecture  room,  (rfee  Phil.  Trans,  xv, 
846-7,' and  Lowthorp's  Abridg.  i,  537-9.) 
^^In  1908,  M.  Argand,  the  inventor  of  lamp  burners  that  go  under  hi^ 
^B  name,  devised  a  "  valve  siphon"  precisely 

^^B  f^^^^~         "Cv        similar  to  No.  253.      From   remarks   made 

^H  Jj       in  the  journals  of  the  time,  he  seems  to  have 

^^       irt\  £       been  considered  the  introducer  of  the  valve 

— an  erroneous  idea.     As  regards  the  can- 
atrtirtinn  of  his  siphon  all  that  could  be  rlaim- 

1 |i    ir  ■'^^^^^■Ha^  '^y  "''  ^"^  '''*"  ^'''*  ''^'^   mode  of  connecting 

^B    /'    I  '^^^^^^S^  the  lears  to  the  horizontal  part  by  screws,  so 

^V  //    II       (M  -^      that  they  might  easily  be  separated,  either 

for  the  purpose  of  cleaning  or  more  con- 
veniently packing.  But  Argand's  mode  of 
r.liarging  his  siphon  was  novel.  It  was 
effected  on  the  same  principle  as  water  is 
r»ised  by  the  canne  fiydrauHqne,  (page  372,)  viz.  by  moving  the  insfnt- 
inent  perpendicularly  up  and  down  in  the  liquid,  until  it  became  filled. 
Instead  ol  imparling  motion  to  the  whole  instrument,  which  in  larger  ones 
would  be  inconvenient,  M.  Hachelte  suggests  that  the  lower  part  of  ihe 
receiving  leg  be  connected  lo  the  upper  part  by  a  flexible  lube  of  leather 
or  cloth  impermeable  to  liquids,  so  that  the  part  in  which  the  valve  is 
istunted  need  only  be  moved.     See  No.  257. 

Siphon."'  are  necessary  in  numerous  manipulations  of  the  laboratory,  and 
modern  researches  in  chemistry  have  given  rise  to  several  bpntililul  device* 
for  charging  them,  and  also  for  interrupting  and  renewing  their  action. 
When  corrosive  liquids  or  those  of  high  temperatures  are  ti>  be  transferred 
by  liphons,  it  is  often  inconvenient,  and  sometimes  dangerous  to  put  there 
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in  nperaiion  by  tlie  'jngB.  Moreo^'ar  cock*  and  %-»lve«  of  metal  nre  aclci] 
oil  '>\  Brids.  and  in  ^o~o.e  i%ae»  wo'ild  affect  or  destroy  the  propcrt'ct  rrf 
the  flaida  tbenuelves. 
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No.  3<03  shows  how  hot  or  corrosive  liquids  may  be  drawn  off  front  • 
wide  inoullifd  bottle  or  jar.  The  short  h-g  of  a  siphon  is  inserted  through 
Uie  cork  ;  and  also  a  smull  tuho,  ihrouifh  which  the  operator  blows,  and 
bv  the  pressure  of  his  breath  forces  tlie  liquid  through  the  siphon. 

No.  259  represents  a  siphon  sometimes  employed  by  chemists.  When 
nsed,  the  short  leg  is  Krst  placed  in  the  fluid  to  be  decanted,  the  flame  of 
1  lamp  or  candle  is  then  applied  to  the  underside  of  the  bulb  ;  the  IieiU 
ran'fics  the  air,  and  conse<|uently  drives  out  the  greater  part  of  it  through 
the  discharging  orifice.  The  finger  is  applied  to  this  orifice,  and  as  the  bulb 
becomes  cool  the  atmosphere  drives  up  the  liquid  into  the  void  and  puis 
the  instrument  in  operalion. 

No.  260  is  a  siphon  by  M.  Collardcau.  It  is  charged  by  pouring  a 
quuiililY  of  the  fluid  to  be  decanted  into  the  funnel ;  the  bent  pipe  attached 
to  which  terminates  near  the  top  of  the  discharging  leg.  The  fluid  in 
descending  througli  this  leg  bears  down  thtf  air  within  it,  on  the  principle 
of  the  trombe,  and  the  ntraosphere  drives  up  the  liquid  in  the  reservoir 
through  the  short  leg.  In  experiments  with  this  instrument  we  invariably 
found  the  contents  of  the  charging  tul>e  drawn  into  the  siphon  whenever 
the  orifice  of  the  discharging  leg  was  not  made  smaller  than  the  bore  of 
the  rt!ceiving  one.  By  not  attending  to  this,  such  siphons  will  only  ac.  u 
long  as  water  is  poured  into  the  funnel. 

No.  261.  A  glass  siphon  for  decanting  acids,  &c.  It  is  charged  bf 
sucking,  and  to  guard  against  the  contents  entering  the  mouth,  a  bulb  i» 
blown  on  the  sucking  tube.  The  accumulation  of  a  liquid  in  this  bulb 
being  visible,  the  operator  can  always  withdraw  his  lips  in  time  to  pre- 
vent his  tasting  it. 

No.  262  is  designed  to  retain  its  contents  vrbcn  not  'n  use,  so  that  on 
plunging  ilie  short  leg  deep  into  a  liquid  the  instrument  will  operate.  This 
effect  h<iwever  will  not  follow  if  the  end  of  the  discharging  leg  descend 
below  the  flexure  near  it,  and  if  its  orifice  be  not  contracted  nearly  to  lint 
of  a  capillary  tube. 

No.  263  is  a  siphon  by  which  licpiids  may  be  drawn  at  intert-als,  vit 
by  raising  and  lowering  the  end  of  the  discharging  leg  according  to  the 
•urfncc  of  the  liquid  in  the  cistern. 

Our  own  labors  have  developed  some  novel  modifications  of  the  siplmn. 
No.  261  is  charged  by  an  apparatus  designed  as  a  substitute  for  tbe 
•ynnge.  (.See  No.  255.)  The  sucking  tulie  of  an  ordinary  siphon  is  nrntlc 
to  pass  through  the  centre  of  a  much  kirger  pii>e.  This  is  closed  at  tin 
t>ottom,  open  at  top,  and  its  length  etjual  to  that  of  the  short  leg.  A  move- 
able tube  open  at  bottom  and  closed  above  is  fitted  to  slide  in  the  last,  end 
is  of  such  a  bore  that  the  space  between  its  sides  and  the  exhausting  tsbs 


equals  (he  capacity  of  tlie  (iphon.     To  use  ihis  instnjmenl,  Rll  the  wide  ^  ^ 
tiine  with  water  or  some  other  Huitl,  and  place  the  short  leg  into  the  lirjuid  7>vnt»«' 
to  be  decanted  ;  then  close  the  oriRce  of  the  long  leg  witii  the  finger,  and  ^  rT"***, 
raise  the  ntciveulile  tube  (by  the  ring  attached   to  it)   and  the  siphon  willA^^  -^ 
be  charged. CPln  using  this  instrument,  the  fluid  by  which  it  is  c}iarged/k».wA«.« 
does  not  mix  wilh  that  which  is  decanted,  as  in  No.  200.      The  appiralus  ■,  y  »_^ 
is  more  simple  than  a  syringe  and  is  not  liable  to  be  deranged.     By  using 
mercury  b<ith  the  length  and  bore  of  the  charging  tubes  may  be  greatly^. 
reiJuceil.     As  these  tubes^themselves  constitute  a  siplion,  (see  No.  238,)^*^* 
tlie  uppei  end  of  the   small  e.xhausling  one  should  extend  a  lilllo   above  <^  Mm.^^' 
that  wliich  contains^  the  chargiii<r  fluid,  lest  this  iliquld  occasionally  rise 
over  the  orifice-^in  wliicli  case  the  whole^voulJ  be  drawn  ofl".    A  descrip- 
tinn  of  this  siphon  was  publiahed  la  the  Journal  of  the  Franklin  Institute 
for  NovemWr,  1634.  , 
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Sot.  265-6  represent  another  mode  of  charging  siphons  on  the  same  , 
principle,  but  the  a|>piirntus  is  more  simple  and  is  accompanied  with  gnme  ^  ''■' "  '/ 
peculiar  advantage!).  The  siphcm  ilsell'  has  no  exIiHusting  pipe  allnched  /i\ 
to  it,  but  is  a  bent  tube  simply.  It  is  put  in  operation  by  means  of  a 
moveable  tiil)e  of  abi>ut  the  same  length  as  the  discharging  leg,  and  having 
the  bottom  closed  and  a  lip  or  spout  formed  on  \t*  upper  edge.  This 
tubular  vessel  is  filled  willi  water  (or  other  fluid)  and  the  hmg  k'g  of  the 
siphon  inserted  into  it.  The  short  leg  is  then  placed  into  the  litjiiid  to  lie 
decanted  and  the  moveable  tube  drawn  gently  down.  The  air  within 
becomes  rarefied  and  the  instrument  charged  in  consequence  of  the  vacuity 
left  in  the  long  leg  by  the  receding  liijuid.  The  moveable  tube  may  then 
hie  wholly  withdrawn  or  not  as  circumstances  may  dictate.  If  tlio  liquid 
is  to  be  de; anted  at  intervals,  or  the  stream  increased  or  diminished,  the 
tuiac  should  be  used  ;  thus,  to  lessen  or  stop  the  discharge,  slide  up  the 
tube  and  as  the  lip  approaches  to  a  level  with  the  surface  in  the  reservoir 
the  stream  will  become  less  and  less,  and  by  raising  it  still  higher,  as  in 
No.  26o,  entirely  stopped.  Hence  the  instrument  acts  as  a  perfect  rock, 
by  which  the  li(piid  may  l>e  discharged  in  single  drops  or  in  a  full  stream, 
and  unlike  the  ordinary  brass  taps,  it  can  never  leak  nor  require  repairs. 
The  apparatus  also  performs  the  part  of  a  guage,  viz.  by  accurately  indi- 
i-fUing  the  surface  of  the  fluid  within  any  vessel  to  which  it  is  attached. 
Suppose  wo  wish  to  know  the  quantity  of  liquid  remaining  in  a  demijohn, 
or  iitiier  close  vessel,  after  drawinjr  off  part  by  one  of  these  siphons  ;  all 
that  is  required  is  to  slide  up  llie  tube  till  the  liquid  barely  drops  from  the 
iip— its  surface  in  the  tube  will  then  lie  on  the  tatne  Icrel  as  in  the  demi- 
john. If  the  moveable  tube  be  made  of  glass,  the  quantity  left  can  alway* 
be  known  at  sight,  because  its  surface  in  the  tube  wou'd  always  be  visible. 
A  device  of  this  kind  might  be  employed  to  draw  off  and  to  guag^  the 
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contents  of  standing  casks.  It  would  be  l)etter  to  make  the  discharging 
leg  "f  this  siphon  ol"  rather  larger  bore  than  the  shurt  one,  since  the  nir« 
faction  would  then  be  rn^re  pert'ect.  The  discharging  leg  raust  alwavi 
be  inserted  in  the  muvf.ible  tube  l>erore  the  short  one  is  placed  lo  the 
liquid  to  be  transferred.  (See  Journal  of  the  Franklin  Institute  for  July 
and   Noveml>er,  183-1.) 

No.  267  is  formed  of  a  conical  tube,  and  charged  by  the  act  nf  placing 
it  in  the  fluid  to  be  transferred.  The  end  of  the  long  leg  is  flrst  clcoed 
tight  by  the  finger,  and  the  short  one  then  immersed  as  deop  as  can  Ije 
conveniently  in  tlje  liquid.  The  air  being  thus  confined  prevei:t8  the  liquid 
from  entering,  but  when  the  finger  is  withdrawn,  it  is  urgci  up  the  short 
leg  by  the  hydrostatic  pressure  of  the  column  over  the  orifice  of  the  latter, 
and  the  Tiwtnenl.uin  of  ilie  large  volume  contained  in  the  lower  part  drives 
suHicient  over  the  bend  to  |)ut  the  ii<strument  in  operation.  The  aciioa 
of  this  siphon  depends  upon  the  same  principle  as  the  spouting  tuljei 
described  in  the  last  chapter.  This  siphon  is  in  fact  merely  one  of  these 
bent  into  a  proper  form.  The  bend  should  be  a  re^ilar  curve  in  order  to 
present  as  little  obstruction  as  possible  lo  the  liquid  in  passing  over:  it 
should  also  Imj  short,  so  as  lo  require  less  of  the  passing  fluid  to  fill  it  than 
a  longer  one.  The  proportions  of  the  different  parts  of  the»e  siphoui 
should  approach  those  represented  in  the  cut.  Small  siphons  on  this  plan 
are  limited  in  their  application  lo  those  cases  where  the  short  legs  can  tjo 
immersed  half  their  depth  or  more;  but  the  application  of  large  instrumenw 
increases  with  the  depth.     (See  No.  226  and  remarks  upon  it,  page  490.) 

Nos.  268-9  are  blowing  siphons,  being  charged  by  hlowinfj  with  thi* 
mouth  through  the  tubes  connected  to  the  orifices  of  the  dischartring  le?«. 
This  mode  of  producing  a  vacuum  in  one  pipe  by  blowing  nir  llirouijli 
another  is  sufficiently  expUined  in  a  previous  chapter.  In  N".  269.  the 
junction  of  the  siplion  with  the  blowing  tube  is  flush  or  smooth  in  the 
interior  of  the  latter,  and  whenever  this  is  the  case  a  conical  Hjutnge  must 
lie  added  as  represented,  or  the  instrument  cannot  be  charged.  (See 
remarks  on  blowing  tubes,  pp.  486-7.)  The  better  way  is  to  make  the 
siphon  .ike  No.  268,  in  which  a  part  of  the  leg  projects  into  the  btowinj; 
tube  and  diverts  the  current  of  air  from  the  lungs  over  the  orifice,  as  in 
Nos.  20-5-*6,  '7,  and  '13.  These  are  more  readily  charged  than  the  ot hen, 
and  although  they  will  operate  without  the  conical  ajutage,  they  are  much 
easier  charged  with  it.  By  such  siphons  water  may  be  raised  one  or  two 
feet  by  a  smart  iiuff.  They  are  safe  and  convenient  to  transfer  .icids,  &c. 
as  there  is  not  the  least  danger  of  receiving  any  portion  into  the  mouth, 
•s  when  sucking  siphons  are  used. 

Siphons  are  now  used,  as  they  were  by  the  K?yptians  in  Heron'*  tine,' 
to  convey  water  to  considerable  di'lances.  When  they  are  laid  over 
ground  that  is  elevated  from  20  lo  2-3  feet  above  the  spring,  a  quantity  ui 
air  is  disengaged  from  the  water  at  the  highest  parts  of  the  tul)e,  and  accU' 
mulating  there  is  very  apt  to  cause  the  action  lo  cense.  To  prevent  this, 
a  close  vessel,  furnished  with  a  cock  iiiul  funnel  at  the  top,  should  l»e  con- 
nected at  its  boitom  to  the  highest  part  of  the  siphon  by  a  stop  cocic  nr 
valve.  The  air  evolved  from  the  water  will  collect  in  this  vessel  and 
should  be  occasionally  drawn  off*  in  the  following  manner.  Shut  the  lower 
cock  and  open  the  one  altached  to  the  funnel  ;  (hen  expel  the  air  liv  filling 
the  vessel  with  water  and  turn  the  cocks  as  at  first.  As  fresh  poroons  of 
air  arise  from  tiie  liquid,  they  will  enter  the  vessel  and  drive  the  watfr 
down  the  discharging  leg.  When  the  ground  is  very  uneven  at  the 
highest  parts,  the  several  eminences  of  the  siphon  should  be  connoctod  <J 
■mall  tubes  to  the  air-chamber. 
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Wc  l.ave  known  siphons  Jon  a  quarter  to  half  a  mile  m  length,  and 
fiirtned  of  leaden  pipes  only  half  an  inch  in  the  Lore  continue  running  from 
nine  to  fifteen  months  witliout  once  stopping,  aithnngn  no  air-vesscls  were 
attncht'd  to  them.  In  one  case  the  pipe  was  1200  feet  in  leng-th,  the  orifice 
of  the  discharging  leg  was  but  five  or  six  feet  below  that  of  the  receiving 
one,  and  the  highest  part  of  the  tube  was  from  12  to  15  feet  above  Ine 
furfnce  of  the  af  a^ 

An  opinion  is  current  with  some  writers,  that  the  extreme  elevation  to 
which  WHter  can  be  carried  by  siphons  was  unknown  to  the  ancients,  and 
that  Heron,  the  most  celebrated  writer  of  antiquity  uf>on  these  instru- 
ments, was  not  himself  aware  of  its  limitation  to  about  30  feet.  It  h  not 
clear  that  He  (»n  was  thus  ignorant ;  but  if  he  were,  it  would  only  show 
that  in  this  department  of  the  arts  he  was  no  practica!  man.  That  ancient 
plunil^ers  and  pump-makers,  who  prepared  and  laid  large  siphons  were 
aware  of  the  limitation  there  can  be  no  doubt,  just  as  the  same  class  of 
mechanics  were  in  modern  times  with  regard  to  pumps,  before  philosophers 
were  informed  of  the  fact  Oi  able  to  account  for  it  As  however  siphons 
lor  conveying  water  over  hilis  and  to  great  <  iStances  have  always  been 
of  rare  occurrence,  (comparanvely  speaking,)  it  is  not  at  all  surprising  that 
e<en  some  hydraulic  engineers  should  have  been  thus  ignorant  with  regard 
to  them,  although  familiar  with  the  extent  to  which  waicr  can  be  raised  by 
atmospheric  pumps.  If  some  of  these  men  have  talked  of  conveying 
Hater  by  siphons  over  mountains,  we  never  hear  them  speak  of  raisinor  it 
Coequal  elevations  through  the  suction  pipes  of  pumps.  Daiiy  experience 
in  applying  the  latter  to  various  depths  prevented  them  frorr.  falling  into 
the  error. 

llantist  Porta,  in  the  19ih  Book  of  his  Natural  Magic,  speaks  of  raising 
Water  by  a  siphon  to  the  top  of  a  high  tower,  and  several  old  writers  have 
the  same  conceit.  This  was  iji  accoriiance  wilh  the  ancient  doctrine  of  the 
p(mi»tii,  who  denied  the  posjioility  of  a  vacuum.  They  attributed  the  ascent 
of  liquids  through  siphons  to  nature's  abhorrence  of  a  void,  and  imagined 
the  eievatioT  to  1  e  unlimited.  But  these  men  were  philosophers,  whose 
practical  knowledge  was  confined  to  portable  expcrimpnts ;  had  they  been 
working  pump-makers  they  would  have  known  better ;  they  woultl  have 
l>f>romB  advocates  for  the  opposite  doctrine — vacvislf.  So  long  was  the 
error  of  the  pletiists  maintained,  observes  Switzer,  "  that  I  have  seen  a 
book  of  Machines,  written  even  in  Queen  Elizabeth's  time,  by  one  Ward, 
an  engineer,  who  vcntur'd  to  give  a  sketch  of  a  high  hill,  and  a  house  at  the 
bottom  or  side,  over  which,  by  a  vast  exte;ded  syplton,  the  water  was  to 
hft  ronvey'd  from  one  va'.e  to  another.''  The  aiithor  of  the  old  treatise, 
e.r.r'tled,  '  Art  and  Nature,'  quoted  at  pp.  321,  375,  was  of  the  same  opi- 
r.if.n.  "  How  to  ronrri/  water  over  a  mountain  :  this  experiment  is  as  casie 
t/>  be  performed  as  any  of  the  former,  and  indeed  after  the  same  mannjer, 
Ic  you  must  lay  a  pipe  of  lead  over  the  mountain,  with  one  end  in  the 
foring  or  wafer  that  you  desire  to  convey,  and  the  other  end  must  lie 
somewhat  lower ;  then  open  the  pipe  at  the  top  of  the  mountain  ;  stop 
'iioth  ends  of  the  pipe,  and  with  a  tunnoll  fill  the  pipe  full  of  water  j  then 
close  it  up  exactly  that  neither  ayer  nor  water  may  come  out  thereat ;  then 
unstop  bjih  the  ends  of  the  pipe,  and  the  water  will  run  continually," 
^p.  10.)  Decans  appears  to  have  been  hotter  informed  if  we  may  judge 
from  his  remarks  respecting  the  perpendicular  length  of  pipes  of  atmo- 
spheric pumps.  In  large  engines,  he  recommends  that  they  be  not  made 
over  20  feet ;  and  including  the  working  cylinders,  he  says,  "  I  am  of 
qpinior  'hat  it  [the  water]  must  not  be  constrained  to  rise  more  than  thirty 
feet  in  hf  ight"     The  second  plate  of  his  "  Forcible  Movements"  repre- 
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•ents  two  Dimospherlc  pumps  placed  one  above  the  oUier,  ajid  thn  lownt  I 
one  raiseii  it  tVoin  "24  to  30  tct.'t,"  and  tlic  upptfr  one  "  may  ruae  it  tVun  I 
thence  24  or  30  feel"  higher.  The  "  Forcible  Movements,"  it  will  mI 
renienibcreu,  wd»  pub4islio<i  about  thirty  years  before  the  diicovery  of] 
aimosplieric  |)res8ure. 

Contrivance:)   tor  ilischiirgiiig   water  from  the  highat  part  of  Hph'inaj 
have  ofien  been  proposed.    They  are  to  be  met  with  in  several  old  aulh;>n 
and  the  principle  of  most  of  ihein   muy  be  found  in  the  Spirit&lia.     They 
are  however  seldom  emplnyed,  because  circumstances  on  which  tKrv  lic 
peiid   rarely  occur  ;  %mi  otlier  devices  are  preferable  even   under  ihuMl 
circuinslances.     A  aescnptivs  account  of  a  few  of  them  may  interest  suniel 
machmists,  and   be   serviceable  to  others,   vis  :   by  preventing   thera  fronl 
expending  their  energies  in  devising  similar  things.    Indeed  in  this  rrspcdl 
books  which  contain  accounts  only  of  ^he  best  machines  are  not  always  tli«| 
most  useful  to  inrcntors.     In  whatever  department  of  the  arts  these  men 
exercise  their  talents  tl:cy  are  almost  certain  to  fall  at  one  time  or  anoilici 
on  ol.'  devices,  which  appear  lo  them  both  iicw  and  equal  to  similar  plani  ' 
in  common  use.     Books  therefore  which  describe  rejected  and  antiquttcil 
coiilrivanr.es  are  not  so  worthless  as  some  uersons  imagine. 

One  pUfi  to  raise  water  by  a  siphon  consists  in  enlarging  or  swelling  it 
out  at  or  near  the  bend,  or  what  amounts  to  the  same  thing,  connectfig 
tlie  legfc  to  an  air-tight  vessel  ;  and  when  this  .becomes  filled  the  commu- 
nication between  it  and  the  legs  is  cut  ofl'  by  valves  or  cocks,  and  ih* 
contcnt.s  drawn  ofl".  When  this  w  done  the  vessel  remains  filled  witi  sir, 
which  if  admitted  into  the  legs  would  stop  the  action  of  the  siphon,  ll 
must  therefore,  in  order  to  cxpe!  "he  air,  be  filled  with  some  liijuid  to 
replace  tliiil  drawn  out.  Suppose  a  siphon  of  this  kind  be  designed  tn 
raise  water  fcrr  llie  supply  of  a  dwelling,  in  or  near  which  the  veasel  i» 
plaf:od,  it  may  then  be  refilled  with  rel'use  or  impure  water,  which  oD 
adjusting  the  cocks  will  p^ss  down  the  discharging  leg.  Then  afier  a 
short  time  elapses,  the  vessel  w:!l  again  be  filled  with  fresh  water,  which 
may  i'e  ui;aiii  exchanged  for  the  same  .^uiuility  of  impure. 

In  locations  wliere  river,  salt,  or  any  other  wmer  tun  thuo  be  exchao^^d 
for  fresh,  and  it  is  desirable  lo  do  so,  such  deviees  are  apptirabie.  (In 
breweries,  (iistillcrics,  kc.  ihe  descent  of  one  bljuid  may  thus  be  maili*  t" 
raise  another.)  It  should  however  be  obsi-rved  that  an  eipinl  ijuantity  tiuX 
be  given  for  that  received,  and  it  must  descend  rather  more  than  the  latter 
rises.  But  when  circumstances  allow  these  conditions  to  l>e  fulfiUrd.  tli» 
ap|>ara*>is  is  not  nUvays  lo  l)e  dfpeiided  u|)on  ;  air  insinuates  itself  through 
the  niinutest  imperfoctions  in  tbi;  pipes  and  cocks,  and  often  deranges  tli« 
wliolu.  One  of  those  siphons  is  descri  jed  in  Nicholson's  Journal.  4to. 
vol.  iv,  and  in  vol.  ii,  of  Oregoi y's  Mechanics.  Another  in  the  Biblio- 
tlieque  I'hisico-Economiqiie,  whirh  is  copied  in  vol.  x,  of  the  Repcrinnr 
of  Arts,  2d  series.  Aiioihcr  is  figured  in  Art  and  Nature,  A.  D.  16M, 
wit'«  two  close  reservoirs  at  the  top  ;  and  Porta,  in  cap.  3,  book  xix,  of  Ms 
Magic,  descrilics  aiiotlier,  with  the  close  vessel  on  the  top  of  a  tower :  the 
discharging  leg  is  described  w  terminating  in  another  close  vessel  of  the 
same  size  as  the  one  above,  and  furni.shed  with  a  cock  and  funnel  througll 
which  to  fill  it,  and  another  cock  to  discharge  the  contents  :  this  chnrg- 
ing  vessel  from  his  de.scriptlcm  appears  to  have  been  placed  on  the  grournl 
a  little  below  the  spring  ami  then  emptied — if  so,  the  apparatus  could  not 
act.  He  does  not  appear  to  have  been  aware  of  the  necessity  of  the  roo- 
tenta  of  the  lower  vessel  beinsr  drscharged  from  the  orifice  of  a  pipe  U 
much  lielow  as  the  receiving  vessel  on  the  lower  was  above  the  spring, 
The  device  (which  he  prolwbly  imperfectly  copied  from  >nme  ilder  autbor) 
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>l(i  then  be  tre  same  as  the  siphon  for  raising  water  which  Q  TivosandB 
figured  ill  the  second  volume  of  his  Phil(>so|ihy,  p.  39,  plate  74, 
I  The  best  of  these  devif.es  are  not  only  suliject  to  dersngemeot  liy  the 
Mr  of  the  cocks  and  valves,  and  want  of  care  in  opening  and  closing  then: 
I  the  proper  times,  hu*  ihey  rei]iilre  almost  as  much  airondance  as  would 
"lice  to  raise  the  water  oirectly  from  the  spring.  On  this  account  variuut 
Dtri^ances  have  been  proposed  to  render  them  self-acting. 
I  An  ingenious  device  of  tliis  kind  may  he  seen  in  the  Gentleman's  Ma- 
liine  for  1747,  p.  6S2.  It  is  named  a  "  lijiiiig  siphon."  Water  from  a 
•ppine  is  received  into  an  open  cistern,  from  the  bottom  of  which  a  pipe 
descends  to  a  perpendicular  depth  of  33  feet.  The  bore  of  this  pipe  is 
closed  and  opened  by  two  stop-cocks,  one  at  its  lower  end  and  the  other 
ntmr  the  upper,  or  just  below  its  junction  with  the  cistern.  A  clos« 
Vessel  to  receive  the  water  raised  is  to  he  fixed  at  any  required  elevation, 
not  exceeiling  30  feet  above  the  cistern  ;  and  from  its  bottom  a  pipe 
descends  to  within  two  inches  of  the  bottom  of  the  cistern.  This  pipe 
constitutes  the  short  leg  of  the  siphon,  and  its  upper  orifice  is  covered  by 
fe  ralve  to  prevent  the  wolcr  tliat  ascends  through  It  frnni  returning.  Fron 
ihe  top  of  the  close  vessel  a  snial!  or  exhausting  pipe  proceeds  down  ti 
the  one  beneath  the  cistern  ami  is  connected  to  it  below  the  upper  took 
Thus  united  they  may  be  considered  as  the  long  leg  of  the  siphon,  al- 
th^mgh  water  only  descends  througli  the  lower  branch  and  air  through  jhe 
upgerone.  The  apparatus  for  nllernately  opening  and  closing  the  coclcs 
(tjuonwhich  the  actinn  of  the  machine  depends)  is  somewhat  similar  in 
principle  to  that  represented  at  pnge  354.  A  bucket  coiita'.ning  water  is 
the  prime  mover ;  a  rope  attached  to  it  is  passed  twice  round  two  rollers, 
and  a  counterpoise  is  suspended  from  the  other  end  of  the  rope.  When 
ibe  bucket  is  partly  filled  it  preponderates,  and  when  it  is  emptied  the 
counterpoise  prevails  ;  hence  an  alterriating  movement  is  imparled  to  the 
rollers  and  to  the  plugs  of  the  two  cocks,  as  the  shanks  of  these  constitute 
ill*  axles  of  the  rollers. 

A  plan  for  making  siphons  of  this  description  self-acting  by  means  of 
four  vessels  placed  one  over  the  other,  and  each  provided  with  a  siphon 
by  V  hich  its  contents  may  be  discharged,  was  proposed  by  Mr.  Wm. 
Close,  in  Nicholson's  Journal  before  reft-rred  to. 

M.  Huchelte  has  combined  the  ram 
of  Moiitgolficr  with  the  siphon,  in  order 
to  discharge  water  from  tne  apex  of  the 
latter  :  see  the  annexed  figure.  A  the 
short  leg  and  R  the  long  or  discharg- 
ing one.  Theupperend  of  each  termi- 
nates in  a  close  chamber  within  which 
two  valves  attached  to  a  pcrncndiculai 
rod  are  made  to  work.  1  he  tipper 
vnlve  closes  an  opening  in  the  horitor,- 
tal  partition  that  separates  the  interior 
of  the  chamber  from  the  air-vessel  and 
jet  pipe  above.  The  seat  of  the  lower 
valve  is  at  the  orifice  of  R.  The  dis- 
tance between  the  valves  is  such  that 
when  one  is  closed  the  other  is  open. 
Their  movements  are  produced  as  in 
the  ram  ;  a  coiled  spring  keeps  the 
upper  one  closed  till  the  momentum  of 
the  fluid  in  passing  through  the  siphon 
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shuts  ide  lower  one.     The  lower  end  of  R  u  furnished  with  a  cock,  siij 
siphon  throii^li  an  opening  at   B.      VV  hen  in  operation,  the  water  aftel4 


that  of  A  with  a  valve  opening  outwards,  for  the  purpose  of  chargiog  iblJ 
siphon  throiigli  an  opening  at  B.  When  in  operation,  the  water  ftftel^ 
running  a  litth-  while  acquires  sufficient  momentum  to  shut  the  lower  valve, 


upon  wnich  a  portion  rushes  into  the  air-vessel  nnJ  escapes  in  a  jet ;  the 
spring  then  closes  the  upj)er  valve,  and  the  fluid  descends  throuvii  R  till 
the  lower  valve  is  again  closed  and  another  Jet  produced. 


CHAPTER     VII. 


FoDKTAir*!:  \  ariety  of  their  formi,  nrmtmeiiU  11111  ■rcompanimpDIi — L.and«cspe  f«rj»« »r»  Cw  « 
fouiitiiiiii  froin  Docaui — FuunU^a*  in  uld  Rninc — Wntpr  tstuliiii  from  itatue* — FounuilM  In  Tr*^;  - 
AulniDutoD  trmiipotcr — FouDUlbi  by  Johu  of  Uolitenu  and  M.  Aitf^ln — 0\A  fouiitHinf  tn  X«/A.^A|, 
Au^htirg  and  llruMela — Hhakeapearo,  Draylnn  aird  Spenrpr  quoted — Poantaiaa  Af  A^CJVnH >*ln 
)roun(far  PItny't  accoaat  of  roittiuiii*  la  tho  fardeii*  f*f  hii  Tuvcafi  villa^EatlUf  \n  fantaaa — AlHtiri 
l«  in  Sotomoo'a  Song — Calo  the  Centor — Hinfular  foutilaint  in  Italy— Foontatui  ^Mcnbnl  by  ILtn 
Paolo  and  otber  old  writers — Prr.dilection  for  arli6cial  Irera  la  fouDtaJna— ]*erfuaied  mod  mu«KaJ  r«a» 
taiiia^raunlAJOl  within  pulilic  and  privstn  Imildinga — Enortnoui  C";l  of  perfumed  natat*  at  Roaia 
(aaal* — toucan  quoted— liiiroduclion  of  founlaiot  into  modern  thcatret  and  chufeltea  r»«^nraSaA 
PouotainN  in  the  apartmrnta  of  Eajtcr a  prince* — Water  conveyed  through  pipe*  by  |L>  ^atiawi  Wm 
ielda  for  the  ufte  oflbnir  cattle-  -Three  and  foar-way  cocka. 


Artificiai.  Rmiitains  and  jeig  d'eau  arc  of  extreme  antiquity  :  althoucli 
they  were  ncji  (tiki?  iiaiural  ones)  olgects  of  worship  among  me  ancienti, 
they  were  at  least  hi-ld  in  great  estimation,  and  unusual  care  was  often 
taken  in  designing  and  decorating  them.  Indeed  no  otKer  hydraulic 
devices  have  ever  been  so  greatly  and  so  variously  enriched  witti  ornament 
The  pipes  of  supply  were  concealed  in  colunir.s,  Arc.  and  their  orifirei 
wrought  into  numerous  emblematic  figures,  (seo  page  1\J,]  w)ale  the 
basins  that  received  the  fluid  were  generally  of  polished  irntrble.  Soroc- 
timt's  the  pipes  terminated  in  statues  of  men,  women,  children,  animaK 
hiris,  fishes,  vases,  gods,  goddesses,  &c.  From  them  the  fiuid  spoutcJ 
high  in  the  air,  or  was  discharged  directly  into  receivers,  or  broitcn  in  tit 
descent  by  intervening  objects  :  oftentimes  it  was  made  10  flow  «iver  the 
rim  of  a  vase,  to  issue  from  others  that  seemed  to  have  tieen  accidentally 
overturned,  aiid  not  infrequently  the  figure  of  a  female  poured  it  front  a 
pitcher. 

From  the  facility  of  applying  water  as  a  motive  agent  another  festnre 
was  added.  Variovis  automata  were  put  in  motion  by  mechanism  con 
CRaled  in  the  base  or  pedestal  from  which  the  fluid  issued — figures  cf 
men  blew  trumpets  and  played  on  organs,  and  automaton  bards  warhlwi 
forth  notes  on  aojacent  trees.  (Such  devices  are  described  by  Horon.) 
All  the  senses  were  often  gratified  at  these  fountains  ;  the  sultry  atmo- 
sphere was  cooled  and  rendered  grateful  to  the  feeling — the  sparkJitig 
lii]uid  quenched  the  thirst^sight  was  gratified  in  contemplating  the  design 
and  execution  of  the  whole,  and  noticing  the  ever-changing  forms  assumed 
by  the  moving  fluid — l^e  pleasure  derived  from  the  sountl  of  falling  water 
has  over  been  noticed  by  poets — and  not  to  forget  the  sense  of  smelling;, 
in  those  fountains  that  were  designed  only  to  moderate  the  temperatur**  "w 
the  air,  the  water  was  oClcn  jier/i/mcd. 
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The  taste  of  o'rd  landscape  gardeners  for  fountains  and  cascades,  ser- 
pentine streams,  and  other  "  piecrwt  of  water-works"  although  derived 
from  the  East,  had  its  origin  in  nature.  "  Even  as  Paradise  itself  (says 
•JwitTer)  naust  have  been  deemed  an  immodelled  and  imperfect  plan,  had 
It  not  been  watered  by  the  same  Omnicient  hand  which  first  made  it,  so 
o>-r  gardens  and  fields,  the  nearest  epitomy  and  resemblance  to  that  happy 
plac  •  which  is  to  be  met  with  here  below,  cannot  be  said  to  be  any  way 
perft  -.t  or  capable  of  subsisting  without  it."  These  men  contemplating 
the  w  ir  J  as  a  garden  endeavored  to  copy  it  in  miniature.  They  con- 
ttructid  lawns  for  deer  and  reared  diminutive  forests  for  game — they 
formed  lakes  and  stocked  them  with  fish — walks  were  made  on  the  margin 
of  brooks,  torrents  fell  from  artificial  mountains,  and  tiny  streams  wound 
their  wny  through  labyrinths  of  reeds  and  of  sedge.  Springs  were  seen 
bursting  out  of  rocks  rudely  piled  up,  as  if  thrown  together  by  nature, 
while  aijuatic  birds  sported  in  basins  below.  But  they  went  further,  for 
ascending  jets  were  thrown  up  so  as  to  resemble  bundles  of  reeds,  others 
were  crested  like  wheat  sheafs,  or  branched  out  like  trees.  Sometimes 
the  streams  were  directed  so  as  to  form  avenues  and  alcoves,  as  of  chrystal, 
which  when  the  sun  shone  produced  a  magical  effect.  Even  hedges  and 
borders  of  gardens  were  imitated.  "  The  hedge  of  water  (says  Evelyn) 
in  ibrme  of  lattice-worke  which  the  fontanier  caused  to  ascend  out  of  th« 
earth  by  degrees  exceedingly  pleased  and  surprised  me." 

Giving  the  reins  still  more  to  their  imaginations,  these  artists  were  hur- 
ried into  singular  puerilities.  They  made  tlie  fluid  to  spout  from  the  sides 
of  ships,  the  mouths  of  birds,  and  other  incongruous  figures.  Swarms  of 
heatlien  deities  were  also  pressed  into  their  service  ;  and  not  content  with 
a  Triton  blowing  water  through  his  shell,  or  Neptune  pouring  it  from  an 
urn,  figures  of  the  latter  were  made  to  rise  from  the  bottom  of  deep  basins, 
and  drawn  by  spouting  dolphins  and  accompanied  with  Amphitrite  and  a 
legion  of  sea  nymphs,  sailed  over  his  fluid  domains  to  allay  the  tempest 
that  called  him  up  ! 

Old  treatises  on  water-works  are  full  of  such  thingps.  In  "  Art  and 
Nature,"  Neptune  is  figured  "  riding  on  a  whale,  out  of  whose  nostrils,  at 
also  out  of  Neptune's  trident  the  water  may  beie  made  to  spin  thorow  small 
pin  holes."  Other  devices  consisted  of  "  divers  forms  and  shapes  of  birds, 
beasts,  or  fishes;  dragons,  swans,  whales,  flowers,  and  such  like  preiiv 
conceits,  having  very  small  pin  holes  ihorow  them  for  the  water  to  spin 
out  at."  The  15th  and  16th  plates  of  Decaus'  Forcible  .Movements 
represent  the  mechanism  of  "  an  engiti  by  which  Galatea  is  drawn  upon 
the  water  by  two  dolphins,  going  in  a  right  line  and  returning  of  herself, 
while  a  Cyclope  plaies  upon  a  flajolet."  And  the  17th  and  18th  plates 
shew  Nef.Zune  drawn  by  sea  horses,  preceded  and  followed  by  Tritons, 
sailing  round  a  rock  on  which  Amphitrite  is  reposing,  and  from  which 
water  is  gushing  forth. 

'**ountains  for  supplying  the  inhabitants  of  toicns  and  cities  are  frequently 
mentioned  in  scripture,  but  it  is  difRcult  to  discriminate  between  artificial 
ones  and  those  that  were  natural.  In  the  early  history  of  Rome  some  are 
mentionfid.  The  news  of  the  victory  obtained  over  the  Tarquins  and  the 
people  of  Latium  was  conveyed  in  an  incredibly  short  time  by  two  yo\ing 
men,  said  to  have  been  Castor  and  Pol>ix,  who  were  met  "  at  tfie/ountait^ 
i»  the  tnarket-plare,"  at  which  their  horses  foaming  with  sweat  were  drink- 
ing. (Plutarch  in  Paulus  ^milius.)  Statues  of  Jupiter  Pluvius,  of  the 
Egyptian  god  Canopus  and  others,  were  erected  over  fountains,  the  liquid 
issuing  from  different  and  sometimes  from  all  parts  of  the  bodies.  On  the 
day  Ja  iiu  Cm»ax  was  assassinated,  he  was  implored  by  Calphumia  io 
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consequence  of  a  dream,  to  remain  at  home  Instead  of  meeting  th»  mm 

turs  according  lo  appointment,  a  circumstance  to  which  Sii)ikeap<>are  tiiiii 

ailude*  : — 

Dtdut.     Most  mighty  Cietuir,  lei  ni<!  know  90111c  chum, 
Lcfl  I  bu  Iniiglicd  at  nlien  I  Ivll  lliviii  mi. 

CataT.     Ciil|iliiirnia  here,  my  wife,  «tay»  me  m  home  ; 
She  ilrvuiiil  lu-iiighl  «he  saw  my  Uatat. 
Which  likt  afuuntiiiM,  wiih  u  kundrfd  tfotUs, 
Did  run  piiro  bliintJ,  nnd  iiiauy  lualy  Ruiiinmi 
Cauio  lUiiliug,  and  did  batlie  tlieir  hands  in  it. 

Pliny  (xxxi,  2.)  speaks  of  a  fountain  from  which  water  ran  "  at  many 
pipes."  From  u xcavaiioiis  made  at  Pompeii,  it  appears  that  in  almost  <rr«vy 
ttrrct  there  was  a  fountain,  and  that  bronze  statues,  through  which  t)i« 
■water  issued  were  common.  Several  have  been  found — four  ar  five  are 
boys  of  beautiful  workmanship  ;  the  fluid  issued  from  vases  resting  on  their 
ihoulders  or  held  under  their  arms,  and  in  some  cases  from  masks.  Paint 
ings  of  elegant  fountains,  from  which  the  water  issued  in  pcrpeudicuh 
jets  from  vases,  have  also  been  discovered  both  at  Herculancum  am 
Pompeii. 

A  circumstance  mentioned  by  Suetonius  in  bis  Life  of  Claudius,  the 
successor  of  Caligula,  although  not  directly  related  to  this  part  of  our  sub- 
ject, shows  that  Homim  engineers  were  quite  at  hom  j  in  devices  analogiiua 
to  those  moving  and  musical  statues,  which  two  centuries  ago  were  >ai 
common  in  European  fountains.  Previous  to  drawing  off  the  waters  «if 
the  lake  Fucinus,  the  emperor  exhibited  a  naval  coilfhct,  in  which  19,00(1 
criminals  were  engaged  against  each  other  in  two  fleets.  An  iroraf  11* 
multitude  of  spectators  attended.  Claudius  presided  dressed  in  a  coht  of 
mail,  and  with  him  was  Agrippina  in  a  mantle  of  cloth  of  gold.  Wh 
tlie  two  fleets  were  ready  to  engage,  a  Triton  oftiiver  rote  ujt  in  the  midtt 
q/'lJie  lake  ami  simnJed  t/ie  cliuige. 

Of  modern  street  fountains  many  curious  ones  are  to  be  seen  in  Italy* 
France  and  Germany,  while  descriptions  of  others,  no  longer  extant,  may 
be  found  in  Misson,  blali:iville,and  oilier  writers  of  the  last  century.  Thirty 
folding  plates,  representing  some  of  the  most  remarkable,  are  attached  10 
Switzer's  Hydrostatics.  A  colossal  statue  of  Jupiter  Pluvius.  i.i  a  singu- 
lar stooping  position,  was  designed  for  a  fountain  at  Tratolino,  by  John  of 
Bologna.  The  extremities  are  of  stone,  but  the  trunk  is  formed  of  brijk* 
overlaid  with  cement  that  has  acquired  the  hardness  of  marble.  A  luro- 
tier  of  apartments  are  constructed  within  it — one  in  the  head  is  ligliU>il 
through  the  eye-balls,  which  serve  as  windows.  To  add  to  the  extraordi 
nary  effect,  a  kind  of  crown  is  formed  by  little  jetteux  that  drop  on  the 
shoulders  and  trickle  down  the  figure,  ^.bedding  a  sort  of  supernatural 
lustre  when  irradiated  by  the  sun.  One  hand  of  the  figure  rests  on  the 
rock  as  if  to  support  itsi-tf,  whih;  the  other  is  placed  on  the  head  of  a  lion, 
from  the  mouth  of  which  the  piincipal  stream  issues. 

.\  fountain  designed  by  Alichael  Angelo  is  described  by  Sir  Henry 
Wotton  as  '  a  matchless  pattern,'  being  '  the  figure  of  a  sturdy  woman,  wash- 
ing and  winding  linen  clothes ;  in  which  act  she  trringM  out  the  rcater  tlial 
made  the  fountain,  n  hich  was  a  graceful  and  natural  conceit  in  the  arti- 
ficer, implying  this  rule  that  aJI  designs  of  this  kind  should  be  proper.' 

Of  rcmiirkttble  fountains  at  Nuremberg,  Blainville  has  noticed  severaL 
Of  one  he  observes,  '  Its  basin  is  an  oclagon  in  the  middle  of  which  stands 
a  large  brass  pilliir  ;  from  its  chapiters  project  six  muzzles  of  lions,  each 
of  which  spurts  wntei  intu  the  air  out  of  a  twisted  pipe.  On  €lic  coni'»b 
are  the  six  cardinul  virtues,  which  squirt  water  from  their  breasts.    On  dii 
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pillar  stands  a  less  one  tlutcd,  uj^on  which  arc  six  infants,  every  one  of 
whom  leans  on  an  escutcheon  bearing  the  arms  of  the  empire,  those  of 
Nuremberg  and  other  towns  ;  they  are  all  of  them  sounding  trumpets,  out 
of  which  water  jets  in  plenty.  On  the  top  of  this  second  pillar  is  a  fine 
statue  of  Justice,  with  her  sword  in  one  hand  and  her  balance  in  the  other; 
she  likewise  sends  water  from  her  breasts,  and  supports  herself  upon  a 
large  ostrich  which  spouts  water  most  bountifully.  All  this  is  in  brass 
surrounded  with  an  iron  grate  carved  and  gilt."     (Travels,  i,  197.) 

Another  at  Augsburg  he  thus  describes  :  "  In  the  middle  of  the  basin  is 
a  double  pedestal,  at  the  foot  of  which  are  several  sphinxes  and  statues 
jetting  water  into  the  basin,  some  by  the  mouth,  others  by  their  breasts, 
and  three  by  trumpet-marines.  On  the  four  corners  of  the  first  pedestal 
are  four  fine  statues  big  as  life  ;  their  ieet  rest  upon  fbur  very  large  shells 
into  which  they  pour  water,  some  out  of  vases,  others  in  another  /<uhum. 
Upon  the  top  of  the  second  pedestal  is  a  Hercules  combaung  the  Lernean 
Hydra."     (Ibid.  291.) 

Old  writers  represent  Brussels  as  well  supplied  wuh  water  150  years 
ago  as  Rome  itself.  There  were  twenty  public  fountains  at  the  corners 
of  the  principal  streets,  and  all  adorned  with  statues.  In  the  herb-market 
were  figures  of  four  beautiful  females  "  squeezing  water  out  of  their 
breasts" — a  favorite  device,  and  another  equally  popular  was  adopted  in 
a  so'endid  fountain  near  the  Carmelite  church  in  the  same  city  :  "  Tout 
pn!s  de  cette  Eglise  est  le  Manneke-pis,  c'est  la  statue  d'un  gar^on,  clevee 
sur  une  colonne  ;  du  haut,  de  laquelle  il  jettc  de  I'eau,  commc  s'il  pissoit, 
par  sa  pipe,  jour  et  nuit,  dans  un  bassin  qui  est  au  j<ied  de  la  colonne. 
C'Asl  une  des  sept  merveilleuses  fontaines  de  la  ville."  (Le  Curieux 
Antiquaire,  tome  i,  175.) 

Shakespeare  often  alludes  to  the  figures  of  old  English  fountains.  In 
Winter's  Tate,  Act  i  v.  Scene  I,  he  compares  the  old  shepherd  to  "  a  weather 
bitten  conduit  of  many  king's  reigns  ;"  that  is,  to  a  statue  from  which  the 
■water  flowed.  Henley  in  commenting  on  the  passage  observes  :  "  Con- 
duits representing  a  human  figure  wore  heretofore  not  uncommon.  One 
of  this  kind,  a  female  form,  and  wfnthcr  heatcn  still  exists  at  Hodde.sdon  in 
Herts."  In  As  You  like  It,  Rosalind  soys,  she  will  weep  "  like  Diana  in 
the  fountain" — an  allusion  to  that  erected  at  Paul's  Cross,  where,  after  tlio 
religious  images  had  b«?en  destroyed,  («ee  page  106,)  "  there  was  set  up 
a  curious  wrought  tabernacle  of  gray  marble,  and  in  the  same  an  alabaster 
image  of  Diana,  and  water  conveyed  from  the  Thames,  j>rilling  from  bnr 
naked  breast," 

DVayton,  a  poet  contemporary  with  ^hakespeare,  alludes  to  fountains 
and  their  basins  in  his  Quest  of  Cynthia. 

At  length  I  on  a  Tonntaln  light, 

Whnne  brim  with  pinko  wan  platted, 
Tho  baiilu  with  daflbdiliea  dight 

With  graw,  like  aleave  wan  matted. 

And  Spencer  in  the  Fairy  Qutten — 

And  in  the  midst  of  all  a  fonntaine  stood, 
or  richest  snbstance  tliat  on  earth  might  bee, 

Sopnre  and  sliiny,  that  the  nilver  flood 
Through  every  channel  running  one  might  mm. 

Fountains  have  always  been  indispensar.e  adjuncts  m  orient&l  gardOtt, 
srd  they  doubtless  forn:ad  conspicuous  objects  in  those  of  Babylon.  The 
two  fountains  in  the  gardens  of  Alcinous,  from  their  elevated  position  and 
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tDnesrs  next,  coining  out  of  lier  house  with  two  buckets,  inj  having  filln,! 
Uiern,  goes  buck  the  same  way.  Meantime  you  are  divortej  wilt  smithi 
thumping,  mills  going,  anil  l/irdt  cftirping  om  tree* — all  which  are  set  to 
work  Ky  the  water." 

In  Dr.  H.  Brosvn's  Travels,  (Lond.  I6S5,)  are  figii'^s  of  one  or  two 
ancient  Fountains — one,  in  Carinthia,  of  the  form  of  a  aragoo,  from  whose 
mouth  the  water  issuej. 

In  the  year  916,  an  embassy  proceeded  from  Consianlinnnle  to  Bngdad 
and  was  received  with  much  pomp  by  the  Caliph  Moclaoer.  "  Iii  tlie 
midst  of  the  great  hall  in  which  he  gave  audience  to  the  ambassadors 
was  a  free  of  massy  goUl,  which  had  (amongst  others)  eighteen  principal 
branches,  whereon  were  birds  of  gold  and  silver,  which  irlnpped  their 
win(»s,  and  warbled  various  notes."— (Martigny's  History  of  the  Arabians, 
iii.  323.) 

.Marco  Paulo,  in  the  13lh  century,  mentions  a  ftiuntatn  in  the  gardetu 
of  the  "  Old  man  of  the  Mountain,"  which  gave  out  wine,  milk,  and  a 
mixture  of  honey  and  water. 

Rubric|ue8,  in  the  same  century,  saw  a  tSecr  tree  at  the  court  of  the 
Great  Ktian,  which  poured  forth  milk  and  wines  of  diflWent  kind*.  At 
the  foot  were  four  lions,  through  each  of  which  passed  a  Iu1h>.  On  the 
summit  was  the  figure  of  an  anpel  holding  a  Irumpct.  and  which  bv  some 
interior  mechanism  was  made  to  sound.  It  was  the  work  of  a  French 
goldsmith. 

This  predilection  for  trees  as  ornaments  for  fountains  and  gardens  seems 
to  have  been  of  a  more  ancient  date.  The  pahn  tree  of  bran,  which  w<u 
consecrated  to  Apollo  by  Nicias,  and  placfd  in  a  field  or  garden  purchased 
by  him,  proliably  jerved  for  a  founliiin.  It  must  have  been  of  enormous 
dimensions,  since  a  fragment  that  was  blown  off  by  a  storm  of  wind,  "  fall- 
ing upon  a  large  statue  demolished  it"  (Plutarch  in  Nicios.)  The 
pedestal  of  this  statue  has  been  discovered.  A  golden  statue  of  Pallas, 
Plutarch  ob.sorves,  was  erected  in  the  temple  of  Delphi  on  a  jialm  Utt 
of  bram,  which  had  gn'drn  fruit.  There  are  two  other  ctlclmited  trees 
mentioned  in  history,  liut  their  uses  are  not  indicated.  We  lenrn  from 
Herodotus,  vii,  27,  that  Pythiiis,  a  native  of  Lydia,  presented  Darius  with 
a  plane  tree  ol' gold.  It  was  worth  5J  millions  sterling  according  to  Mont- 
faucon.  I'he  gMrn  vine  of  Arislobolus  was  valued  at  400  talents.  It 
was  carried  through  Rome  in  Pompcy's  third  triumph,  and  afterward 
deposiieil  in  the  temple  of  Jupiter  Capitolinus.  Another  one,  which 
Alexander  took  at  the  sack  of  Thebes,  wa.s  preserved  at  Rome  in  the 
temple  of  Apollo  in  Pliny's  time.  This  author  has  a  remark  on  the  decay 
of  the  art  of  working  brass,  which  may  here  be  noticed.  He  oliserves, 
\n  I'lrmer  times  iJie  artists  worked  to  wmj'ar)te  and  glory,  "  but  now  as  in 
all  tlr.ngs  else  for  gain  and  lucre  only,"  (xxxiv,  chap.  2  ) 

One  of  the  fountains  at  Versailles  wns  in  the  form  of  an  onk  tree,  from 
which  the  lirjtiid  was  <lisnersed  in  all  directions.  (It  is  figured  in  one  of 
the  pliites  attached  to  Switzer's  work.) 

Among  the  garden  water-works  at  Ghatsworlh  were,  "  1.  Neptune  with 
his  nymphs,  who  seem  to  sport  in  the  waters,  let  out  by  a  cock  in  aeveml 
columns,  and  falling  upon  st-a-weeds  ;  2.  a  pond  where  sea-horse*  cob- 
rinuttlly  roll  ;  3.  a  tree  (if  ropiter,  resembluig  a  willow,  and  by  the  turning 
of  a  cock  every  leaf  drops  wafer,  which  represents  a  shower;  4.  a  gfwe 
of  cypress  and  a  cascade  with  two  sea  nymphs  ot  top  « ith  jars  under 
their  arms  ;  5.  at  the  hottom  of  the  cascade  a  pond  with  ok  arlifidal  rote, 
through  -.vhich  l)y  the  turning  of  a  rock  the  water  asce  ids,  and  hangs  il 
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the  air  in  the  figure  of  tltat  flower ;  6.  another  pond  with  Mercury  point- 
ing at  the  goda  and  throwing  up  water." — Lond.  Mag.  1752,  p.  7. 

Bell,  in  his  account  of  the  Russian  embassy  to  Ispahan,  notices  those  in 
the  gardens  of  the  Scah.  In  front  of  the  Hall  of  Audience  was  "  a  large 
fountain  of  pu.*=-  <vater,  which  springs  upward  in  three  pipes  and  falls 
into  a  basin  R'.]ii  with  roses,  jessamines,  and  many 'other  fine  flowers." 

In  one  of  the  public  gardens  of  Brussels,  among  other  water- works  was 
an  hydraulic  o.-gan. — (Le  Curieux  Antiquaitv,  tome  i,  175.) 

The  old  device  of  artificial  music  comitined  with  fountains,  is  thus  men- 
tioned in  the  17th  Proposition  of  Worcester's  Century  of  Inventions  :— 
"  How  to  make  upon  the  Thames  a  F.oating  garden  of  pleasure,  with  trees, 
flowers^  banqueting  houses  and  fountains,  stews  for  all  kinds  of  fishes,  a 
reserve  for  snow  to  keep  wine  in,  delicate  bathing  places  and  the  like ; 
with  rnusic  made  with  mills,  and  all  in  the  midst  of  the  stream  where  it  is 
most  rapid. 

Fountains  were  often  placed  within  ancient  public  buildings  as  well  aa 
Lear  them.  They  were  common  appendages  to  temples,  and  the  custom, 
as  mentioned  in  our  first  book,  is  still  retained  by  the  Turks  and  othei 
Asiatics.  Henry  Blount  visited  Adrianople  in  1624,  and  in  describing 
the  mosque,  says,  there  were  "  teune  conduits  with  cocks  on  the  north 
side,  and  as  many  on  the  south  for  people  to  wash  before  divine  ser- 
vice ;  to  which  use  also  on  the  west  side  in  the  church-yard,  are  thirty  or 
forty  cocks  under  a  fountain,  so  sumptuous,  as  excepting  one  at  Palermo, 
I  have  not  seen  a  better  in  Christendome." — (A  Voyage  into  the  Levant, 
Lond.  1638.) 

During  hot  weather,  Augustus  the  Roman  emperor  slept  (observes 
Uueronius)  with  his  chamber  doors  open,  "  and  frequently  in  a  portico  with 
waters  playing  around  him." 

"  In  the  miadle  of  the  sc^uare  of  the  Coliseum  is  a  pretty  remarkable 
piece  of  antiquity,  (says  Eiainville.)  though  very  little  minded  by  most 
people.  Here  stood  ancienily  a  beautiful  fountain,  adorned  with  the  finest 
marbles  and  columns ;  and  on  the  top  was  a  bronze  statue  of  Jupiter, 
from  which  issued  great  plenty  of  water,  as  may  be  seen  on  the  reverse 
of  one  of  Titus'  i;]^dals.  They  called  it  Mela  Sudatu  :  mcta,  because  it 
was  made  in  ih^  form  of  a  goal ;  and  tudatu,  sweating,  because  of  the 
water  running  from  the  several  partt  nf  the  ttntue.  This  fountain  was  of 
great  use  both  to  the  spectators  and  the  gladiators  in  the  amphitheatre  to 
refresh  themselves.  I'ope  Alexander  VII.  caused  it  to  be  repaired,  but 
since  his  time  it  has  been  entirely  neglected." — (Travels,  vol.  ii,  635.) 

The  theatres  of  the  Romans  were  fitted  up  with  numerous  concealed 
pipes  that  passed  in  every  direction  along  the  walls,  and  were  connected 
to  cisterns  of  water  or  to  machines  for  raising  the  latter.  Certain  parts  of 
the  pipes  were  very  minutely  perforated,  and  were  so  arranged  that  by 
turning  one  or  more  cocks,  the  liquid  escaped  from  them  and  descended 
upon  the  audience  in  the  form  of  dew  or  extremely  fine  rain.  This  effec- 
tually cooled  the  heated  air,  and  must  have  been  exceedingly  refreshing 
to  the  immense  multitudes,  especially  in  such  a  climate  as  Italy.  On 
some  occasions  the  water  was  scented  with  the  richest  perfumes.  Thus 
Hadrian,  in  honor  of  Trajan  his  father,  commanded  water  impregnated 
with  saffron  and  balsam  to  be  sprinkled  on  the  people  at  the  theatres. 
The  dining  rooms  of  Nero's  golden  house  were  ceiled  in  such  a  manner, 
that  the  attendants  could  make  it  rain  either  flowers  or  liquid  perfumes. 
At  one  feast  100,000  crowns  were  expended  in  perfumed  waters.  Sue- 
tonius says  they  were  discharged  {rom  "  secret  pipes."  The  statues  that 
■domed  the  interior  of  the  theatres  were  made  to  sweat  perfumes  on  the 
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audience.  This  was  accomplislied  by  making  thom  hollow,  drilling  in 
them  un  inhtiite  number  of  small  hole«,  and  connecting  tliem  by  secret 
cubes  to  reservoirs  of  scented  waters.  The  practice  is  alluded  to  by  several 
actbors,  and  among  others  by  Lucan  in  the  following  passage  . — 

A>  when  nii:;hty  Roino'*  spectatorn  meet 
III  Uie  lull  thcnlre'a  ciipncioii.'i  bcuI; 
At  uiice  by  secret  pipea  and  cliaimela  fed 
Kicli  tiiicliircR  gi»ii  rniiii  every  niitiqiie  liend  ; 
At  nnce,  tell  thoiiiiniiil  autfron  curD^iits  Bow, 
Aud  ram  liieir  odura  ua  Ibe  crowd  below. 

Sometimes  rich  people  left  by  their  wills  suras  of  money  to  flimish 
these  perfumes  and  the  njiparalus  for  dispersing  them.  An  example  a 
given  by  MaflTei  in  his  'History  of  Ancient  Amphitheatres.'  (Lend.  1730, 
p.  16S.)  A  Roman  lady  bequeathed  funds  to  celebrate  a  hunting  of  wild 
beasts  in  the  amphitheatre,  and  she  ordered  '.hat  salieiUet  should  be  made. 
This  term  Maffei  understood  to  mean  "  those  hidden  c'cinnels  or  ptpea  by 
which  with  wonderful  artifice,  [iis  is  twice  mentioned  by  Seneca,]  they 
caused  odoriferous  liquid  to  sjiring  up  from  the  bottom  to  the  lop  of  the 
amphitheatre,  which  then  jetted  and  spread  itself  in  tlie  air  like  a  very 
fine  shower  of  rain." 

The  custom  might  be  adopted  with  advantage  in  mo  le^m  ibeafrej  :  it 
would  render  visits  to  these  crowded  places  more  agreeable  and  liss  in- 
jurious to  health.  Why  can't  the  managers  announce  it  in  their  "bills," 
among  other  inducements,  just  as  their  predecessors  did  eighteen  centurie* 
since  I  One  of  the  notices  of  a  piil>hc  entertainment  m  Pompeii  has  been 
found  written  on  the  walls  of  a  bath  in  that  city.  It  is  in  these  words  : — 
"  On  occasion  of  the  dedication  of  the  baths,  at  the  expense  of  Cnwus 
Alleius  Nigidius  Maius,  there  will  be  the  chase  of  wild  beasts,  atiilctic 
contests,  tpiinfcling  f>f  prr/'ttmai,  and  an  awning." — (Pompeii,  vol.  i,  145.) 

Fountains  for  cooling  the  air  should  constitute  part  of  the  ordinary  ap- 
pendages to  churcha,  as  much  as  apparatus  for  Heating  and  lighting  them. 
They  should  be  considered  by  us,  as  they  were  by  the  ancients,  estentiai  to 
the  health  as  well  iis  comfort  of  large  assemblies  of  people.  They  certainly 
are  as  necessary  here,  especially  in  the  Southern  states,  as  they  were  IB 
southern  Europe.  Their  construction  is  so  simple,  their  modihcaHon*  so 
various,  their  applicalfon  so  universal,  and  their  effects  so  beneficial  tiul 
cheap,  that  it  is  surprising  they  have  not  been  introduced.  We  don't  Bef 
why  a  person  luij^ht  not  be  as  innocently  employed  in  pi;raping  water 
during  worship  to  supply  a  fountain  or  jet  d'cau,  as  in  pumping  air  into  the 
pipes  of  an  organ.  But  it  is  unnecessary,  for  whore  the  fluid  would  nut 
rise  sufficiently  high  from  public  reservoirs  or  pipes  that  pass  through  lh« 
itreeta,  it  might  be  elevated  into  a  reservoir  in  the  roof  the  day  previous 
to  the  sabbath.  In  this  use  of  fountains  ancient  architects  were  clearly 
in  advance  of  ours. 

The  custom  ofcrwling  the  air  in  private  apartments  is  of  great  anliquilv 
in  Asia,  and  is  still  kept  up  in  the  dwellings  of  princes.  See  a  plate 
in  Generale  HIstoire,  tome  xiti,  p.  311,  representing  a  private  apartment 
in  the  seraglio  of  one  of  the  generals  of  Aurengxebe.  An  octagon  basiti 
with  a  handsome  jet  is  in  the  centre  of  the  room,  with  irroges  of  birJi 
floating  in  tho  water.  On  the  borders  of  the  basin  are  traya  with  refr«ih- 
ments,  and  tlie  company  reclining  around  on  carpets,  much  in  the  same 
manner  in  which  Pliny  represents  himself  and  friends  feasting  arouud  a 
fountain  in  his  garden. 

Henry  Blount  describing  one  of  the  palaces  at  Cairo  in  1624,  ohserres, 
"  In  the  chiefe  dining  chancer,  according  to  the  capacitie  o''the  rnnmp.  U 
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made  one  or  more  richly  g'llt  fountains,  which  through  secret  pipes  sup 
plies  in  the  middle  of  the  roome  a  daintie  poole,  which  is  so  ncatlv  kept, 
the  warer  so  cleare,  as  makes  apparent  the  exquisite  mosaik  at  the  bot- 
t<  >me  Herein  are  preserved  fish  which  have  often  taken  bread  out  of  my 
hand." 

Sontftimes  the  jet  is  made  to  fall  into  basins  filled  with  flowers,  the 
odor  of  which  is  dispersed  in  the  spray.  Bell  describes  the  hall  of  audi- 
ence at  Ispahan  as  a  most  magnificent  room,  lined  with  mirrors  of  various 
sizes,  the  floor  covered  with  carpets  of  silk  interwoven  with  branches 
and  foliage  of  gold  and  silver.  In  the  centre  were  two  basins  in  which 
several  pipes  spouted  water  that  fell  among  roses  and  other  flowers  and 
produced  a  fine  effect.  Another  fountain  at  the  entrance  threw  the  water 
to  high  that  it  fell  like  a  thick  rain  or  dew  which  concealed  the  Schah  from 
those  on  the  opposite  side. 

See  remarks  on  the  introduction  of  portable  fountains  into  pn'ro^e  dwol- 
Units  at  page  361. 


No.  971.    Ancient  fonnuin  for  cattle. 

That  ancient  farmers  occasionally  conveyed  water  through  pipes  into 
tields  for  the  use  of  their  stock,  as  is  now  sometimes  done,  appears  from 
the  above  cut,  from  a  basso  relievo  preserved  in  one  of  the  museums  at 
Rome. — (D'Aeincourt's  History  of  the  Fine  Arts.     Sculp.  Plate  I.) 

It  has  already  been  remarked,  (pp.  163, 170,)  that  the  old  Me.xicans  and 
Peruvians  had  fountains,  from  which  the  fluid  issued  through  figures  of 
snakes  and  crocodiles. 

There  is  reason  to  believe  that  three  and  four  way-cocks  were  anciently 
employed  in  fountains  :  they  are  to  be  found  in  the  old  water-works  of 
Italy  and  Franco. — (See  L'Art  du  Plombier  in  Arts  et  Mdtieres,  <to.  ed't. 
p.  SiSO,  plar.ohe  xiii.) 
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CHAPTER    VIII. 


•  tl»«vnil»  «lio  HvDXULic  Oncanti  Timr  nriuuml  l>y  the  •ol»— Ob«lbll»— Dl«r  !■  ^fr 
TIb«  iat!n*arcii  lii  Ihp  iii^bl  lt>  «t'»w  untcbe*,  ciinJlM,  Ac. — Mo4lrt  of  ■nnouncjng  llic  boim— **i«t« 
Ui«  cktck**— CUpkrdrK — Thrir  ctiriou*  origin  in  F.fypt — Tb«tr  variety — U*pd  hy  th«  Siamwc,  Iflndn*^ 
CliitiftM,  Stc. — ADcieut  liOtlr-(la*»Cf — liiilHoa  In  waler-clocka — Sanal  clocka  Id  Cliioa — Mj^lcai  cJork  ol 
rial? — Clock  carrivj  tn  triumpb  Uy  riiinpey — Clppityflra  orClmliiun — Clock  prcaculod  toCberlea  V, 
M.-Hlcro  ria|»yilrv— llour-(laut'»  in  colllni — Dial  of  Ihe  Peruviana.  HvoiAl'UC  Uaca!i>:  IniperfKIIj 
4^«-:T]br<J  liy  llerxii  ntij  Vtlruviut — Pinto,  ArchimrdrK  Plutarcb,  Pliuy«  5u«toaiii^,  St.  Jertune— Orfatf 
««iu  from  Couiluiitiiiii|ilo  tn  rc|iiii — Walvr  organ*  of  l^uif  Dcbounaire — A  woman  exjiir«<t  in  ai  alai  lai 
w'lile  liaarlitg  one  pby — Organa  made  by  rauaka — Old  RegaL 

Ci.ErsviiR.c  anil  water  organs  are  not  strictly  Included  in  the  general 
design  of  this  volume ;  but  as  they  nre  ancient  devices  in  vrhich  >ratei 
performnd  an  important  part,  and  as  they  undoubtedly  contributed  t/>  the 
improvement  of  hydraulic  machinery,  and  moreover  gave  rise  to  clock* 
and  watches,  we  were  unwilling  to  omit  them. 

Sun-ilials  were  the  earliest  means  employed  to  note  the  lapse  of  time. 
Country  people  in  all  ages  have  marked  the  passing  hour*  by  the  shadow 
of  a  tree,  a  post,  the  corner  of  a  house,  or  any  other  permanent  object; 
»licse  were  natural  gnomons,  while  the  ground  upon  which  their  shadows 
were  thrown  served  as  dials.  In  cities,  artificial  objects  were  necessary; 
hence  the  obelisks  of  the  Egyptians  and  other  ancient  people.  These  gno- 
mons were  placed  in  open  and  conspicuous  places  for  public  convenience, 
and  many  of  them  from  their  great  elevation  threw  their  shadows  to  « 
considerable  distance.  Someliines  their  pedestals  formed  magnificent 
buildings.  When  Dion,  after  delivering  the  Syrnciisans,  s[)ake  to  theni 
on  the  tyranny  of  Dionysius,  Plutarch  says,  he  stood  upon  a  lofty  sun-ditl 
erected  by  the  tyrant  :  "  at  first  it  was  considered  by  the  soothsayers  ■ 
good  omnn  thiit  Dion,  when  he  addressed  the  people,  had  under  his  feet 
the  slalrhj  cdijire  which  Dionysius  hiid  ert'cted  ;  but  upon  reflecting  that 
this  edifice  on  which  he  had  been  declared  general,  was  a  sun-dial,  they 
were  appreht^nsive  his  present  power  might  fall  into  speedy  decline." 
"  The  iiiiil  of  Ahaz"  seems  to  have  been  a  public  building  of  a  similar 
ilesciiption.  The  governors  of  [)rovinces  inChina  assemble  on  the  "  time- 
tul'intr  lowers"  on  [luliliu  occasion.  (Atlns  Chinensis  of  Montanus,  p.  594.) 
The  I'enivians  had  pillars  erected  for  measuring  time  by  the  sun.  Small 
dials  were  niicientty  made  of  briies  or  other  metals  and  placed  upon  columns, 
or  were  attached  to  public  buildings.  Vitruvius  has  described  sevenJ 
in  bonk  ix.  of  his  Architecture,  and  among  thetn  one  by  Rcrosiis  tbtt 
Chatdenn. 

But  dials  are  only  serviceable  while  the  sun  shines.  During  cloudy 
weather  and  after  sun-set  they  arc  us«'less  ;  other  devices  are  therefofB 
joquired  to  mark  the  fleeting  hours.  Of  ancient  contrivances  for  this  jmf 
pose  there  were  two  whose  action  depended  one  upon  fire  nni)  the  other 
on  water,  viz  :  by  burning  slow  mniiheB,  powder,  or  candles,  and  by 
water-clocks.  The  former  were  used  liy  the  Anglo-Snxons,  (see  p.  350,) 
and  are  .siill  common  in  Japan,  and  probably  other  Asiatic  countriei 
N'edlinfr,  'n  his  acco'jnt  of  the  Dutch  embassy  to  China,  says,  the  Chinese 
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have  izwtraments  to  show  the  hour  of  the  day  which  operate  by  fire  and 
water.  Those  that  depend  upon  fire  "  are  made  of  perfumed  ashea." 
(O^lhy'a  Trans.  1673,  p.  159.)  This  is  too  vague  to  convey  an  idea  of 
their  construction ;  but  from  Thunberg's  account  of  those  he  saw  in  Japan, 
we  at  once  learn  what  they  were.  For  the  mensuration  of  time,  observes 
that  enlightened  traveler,  the  Japanese  use  the  bark  of  the  skimmi  (.inise 
tn;e)  Bnely  powdered.  A  box,  12  inches  long,  being  filled  with  ashes, 
small  furrow  s  are  made  in  the  ashes  from  one  end  of  the  box  to  the  other, 
uid  so  on  backwards  and  forwards  to  a  considerable  numl)er.  In  these 
furrows  is  strewfd  fine  powder  of  skimmi  bark,  and  divisions  are  made 
for  the  hours.  The  powder  is  ignited  at  one  end  of  a  groove,  it  consumes 
very  slowly,  and  the  hours  are  proclaimed  by  striking  the  bells  of  the 
terapies.  (Travels,  iii,  228.)  Time  is  also  measured  m  Japan  by  burn- 
ing matches,  twisted  like  ropes  and  divided  by  knots.  When  one  of  these 
after  being  lighted  has  burned  down  to  a  knot,  and  thereby  denoted  the 
lapse  of  a  certain  portion  of  time,  an  attendant  announces  it  by  a  certain 
number  of  stroke.s  on  bells  near  their  temples,  if  in  the  day  time  ;  but  in 
the  night,  by  striking  two  pieces  of  wood   against  each  other. — (Ibid.  88.) 

In  ail  ancient  devices,  the  passing  hours  were  announced  by  men  ap- 
pointed for  the  purpose,  a  custom  still  continued  over  all  Asia.  Sometimes 
it  \vas  done  by  the  voice.  Thus  the  Turks  have  an  officer  (witli  strong 
lungs)  nn  the  lop  of  every  mosqu«  who,  stopping  his  ears  with  his  fingers, 
procliiiins  with  a  loud  voice  the  break  of  day,  noon,  three  in  the  afternoon, 
and  twil^ght.  Martial  the  Roman  satirist,  refers  to  a  similar  practice,  and 
Athenseus  mentions  "  a  mercenary  hour-teller."  Allusions  to  the  same 
custom  are  to  be  found  in  the  Bible — that  which  ye  have  spoken  in 
closet!)  "shall  be  proclaimed  upon  the  house  tops."  But  the  more  general 
modo  was  that  which  is  still  so  common  in  the  East,  viz.  by  striking  a  bell, 
drum,  pong,  or  some  other  sonorous  instrument,  and  distinguishing  the 
different  hours,  as  in  our  clocks,  by  the  number  of  strokes.  In  modern  ages 
in  Europe  before  the  striking  parts  of  town  clocks  were  invented,  men 
struck  the  hour  on  a  bell,  and  long  after  these  officers  were  dispensed  with 
figures  of  men  were  made  as  ornaments  to  perform  the  same  duty.  To 
these  "  Jacks  of  the  clock,"  Shakespeare  and  other  writers  of  his  age  often 
refer.  Such  clocks  are  still  extant :  the  one  attached  to  St.  Dunstan's 
church  near  Temple  Bar,  London,  is  often  mentioned  by  writers  of  the 
last  century,  and  we  believe  is  still  to  be  seen. 

Some  authors  attribute  the  invention  of  water-clocks  to  Ctesibius,  and 
uilicrs  suppose  they  were  first  used  under  the  Ptolemies ;  but  both  are 
mistakes :  they  were  doubtless  greatly  improved  by  the  Alexandrian 
mathematician,  and  probably  reached  the  acme  nf  perfection  under  the 
successors  of  Alexander.  In  India,  Egypt,  Chaldea  and  China,  clepsydrae 
date  back  b<;yond  all  records.  They  were  known  at  an  early  period  in 
Clreece.  Plutarch  mentions  them  in  his  life  of  Alcibiades,  who  nourished 
in  the  fifth  century  B.  C.  when  they  were  employed  in  the  tribunals  at . 
Athens  to  measure  the  time  to  which  the  orators  were  limited  in  the'.r 
addresses  to  the  judges.  Demosthenes  and  his  great  rival  JEschinc^s 
allude  to  this  use  of  them.  Plato  had  water-clocks,  and  to  him  was  attri- 
buted their  introduction  into  Greece.  Plutarch  in  his  Philosophy,  observes, 
that  Empedocles  illustrated  the  act  of  respiration  by  "  a  clepsidr<-.  water 
hour-glass."  (Opin.  of  Philos.)  Julius  CiBsar  found  the  Britons  in  pos- 
session of  them.  Pliny  (book  vii,  60.)  says,  men  announced  with  the  voice 
the  hours  from  the  shadow  of  the  sun,  and  that  Scipio  Nasica  set  up  the  first 
<:lepsydra  "  to  divi<)u  the  hours  of  both  day  and  night  equally,  by  watei 
distilling  rnd  dropping;  out  of  one  vessel  into  another." 
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The  ancienls  Iiad  various  madifications  of  wafer-clocks.  »ome  wore  ex- 
ceedingly siinp'.o,  and  oilicrs  elal)oraudy  coiistnicrfd.  and  the  forrm  •»•'. 
decorations  wonderfully  diversified  ;  but  the  principle  wiis  tnnre  or  Iras 
the  same  in  all,  viz.  water  trickling  through  a  minute  channel  from  on* 
vessel  into  another.  The  instruracnts  were  made  of  various  matcrriak 
from  glass  to  golil,  and  of  sizes  ilifi'ering,  like  modem  clocks,  fmm  large 
ones  permanently  erected  for  public  use  to  such  as  were  carried  in  the 
hand. 

Vulerianiis,  who  wrote  in  the  16th  century,  says  the  priests  of  Egypt 
divided  the  day  into  ttcelre  hours,  l>ecansc  the  cynocephalus,  a  sacred  ani- 
mal, was  observed  to  make  a  violent  noise  at  those  times,  and  to  void  urine 
u  often.  Cicero  "nentions  a  tr.idiiion  of  Trismegistus  observing  the  same 
thing.  The  E^p'.ians,  therefore,  ornamented  their  water-clocks  with 
figures  of  apes,  and  some  were  of  the  form  of  those  animals  urinating; 
hence  it  '.von Id  seem  that  this  singular  people  not  only  derived  enemas 
Cr/   c*-^  frciu  studying  the  habits  of  the  ibis,  but  were  led  lo  construct  clepsydra 

A^-^,  from  noticing  those  of  monkeys. 
ti  «..••  ^  A*  ''  '*  impossible  to  wive  anything  like  a  history  of  these  machines  in 
/^  .  kJ-'ih'is  volume,  wo  shall  notice  a  few  only,  but  sufficient  to  give  a  general  idea 
of  their  construction  and  variety.  Sometimes  an  empty  basin  with  a 
minute  opening  through  its  bottom  was  placed  floating  in  a  cistern  of 
water;  the  fluid  gradually  entering  filled  it  in  an  hour,  half  an  hour,  or 
some  other  determinate  time.  It  was  then  emptied  and  allowed  to  swmi 
as  l)pfi)ro  ;  as  soon  as  it  became  filled,  a  gong  or  other  instrument  wm 
sounded  for  the  information  of  the  public. 

"  The  Siamese  measure  their  time  by  a  sort  of  water-clock,  not  like  the 
clepsydra  of  old,  wherein  tJie  water  descended  from  above,  but  by  forciug 
it  upwards  through  a  small  hole  in  the  bottom  of  a  copper  cup  placed  iti 
a  tub  of  water.  WImmi  the  water  has  sprung  up  so  long  that  the  cup  i> 
full,  It  sinks  down,  and  those  that  stand  by  it,  forthsvith  make  r  noise  with 
basons,  signifying  that  the  hour  is  expired."  (Ovington's  Voyage  t<J  Sar«J 
in  1GS9.  p.  2Si:) 

The  ghurree  ill,  or  clepsydra  of  the  Hindoos,  consists  of  a  thin  brass  cup 
having  a  hole  in  the  bolloin.  "A  large  vessel  is  filled  with  water  and  thii 
cup  pliiced  on  the  surface  ;  the  water  rises  through  the  hole,  and  when  it 
bus  reached  a  height  marked  by  a  line  previously  ailjiisted,  the  watchman 
•trikes  the  hour  with  a  wooden  mullet  on  a  pan  of  bell  metal." — (Sho- 
berl's  Hind,  v,  157.) 

In  other  devices,  time  was  measured  by  empttjing  the  vessel,  Valeria- 
nus  observes,  tluit  the  priests  of  Acanta,  a  town  beyond  the  Nile,  pnureJ 
water  every  day  into  a  vessel,  by  the  dropping  of  which  through  a  small 
hole  they  measured  the  hours. — (Harris'  Lex.  Tech.) 

Dr.  Fryer,  wno  visited  India  in  the  I7th  century,  observed  the  Hin- 
doos measuring  time  "  by  the  dropping  oi  water  out  of  a  braas  basin."^ 
(Travels,  IS6.) 

It  is  obvious  that  by  adapting  the  size  of  an  opening  in  the  bottom  of  a 
vessel,  the  entire  contents  of  the  latter  might  l-e  made  to  flow  out  in  t 
certain  time  and  with  tolerable  accuracy  ;  but  in  refilling  it  great  earn 
was  required  to  introduce  precisely  the  same  quantity.  To  accomplish 
this,  both  the  vessel  end  receiver  were  closed  on  all  sides  and  connected 
together,  so  that  when  the  proper  quantity  of  fluid  was  once  introduced, 
It  couM  neither  escape  by  leakage  or  evaporation.  Both  vessels  were 
•haped  like  a  pear  anj  united  at  the  smalJer  endi,  through  which  the  passage 
for  the  fluiil  was  made  ;  and  sometimes  sand  was  used  instead  of  water 
Hence  the  hour-glass  of  modern  days,  the  only  modification  of  anricnt 
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clcpAydite  which  modern  nations  continue  to  use.  Nieuhoff  observos  of 
Ciiiiiese  water-clocks,  "  they  bear  a  resemblance  to  some  gruat  hour- 
glasses in  shape ;"  and  he  says,  in  several  sand  was  used  instead  of  water. 
On  an  ancient  bas-relief  at  Rome,  representing  the  marriage  of  Thetis  and 
Peleus,  Morpheus  holds  an  hour-glass  ;  and  from  Aihenaeiis  we  learn  that 
the  ancients  carried  portable  ones  about  with  them  somewhat  as  we  do 
watches. 

In  another  variety  of  clepsydrse,  the  sides  of  the  vessel  from  which  the 
fluid  escaped  were  graduated,  somewhat  like  chemists'  measurixg  glasses. 
and  the  hours  announced  as  the  descending  surface  of  the  fluid  reached 
the  marks.  If  the  vessel  was  of  a  cylindrical  or  cubical  figure  the  distance 
between  the  marks  was  not  uniform,  because  the  water  escaped  fastest  at 
first,  in  consequence  of  the  greater  pressure  of  the  column  over  the  orifice, 
which  pressure  constantly  diminished  with  the  elHux  ;  the  surface  of  the 
fluid  could  not  therefore  descend  through  equal  spaces  in  eque.'.  times. 
When  such  formed  vessels  were  used,  the  relative  distances  of  tlie  marks 
were  probably  determined  by  experiment,  although  they  might  have  been 
by  calculation.  Sometimes  the  vessels  were  funnel-shaped,  the  angle  of 
their  sides  being  so  adjusted  that  an  equal  distance  could  be  preserved 
between  the  marks — unequal  quantities  of  the  fluid  escaping  in  equal 
times.  These  instruments  were  generally  made  of  glass,  and  a  cork  or 
some  floating  image,  to  which  a  needle  was  secured,  pointed  out  the  hour 
as  the  water  sunk.  PanciroUus  says,  the  small  holes  were  edged  with 
gold. 

In  some  clepsydrae  the  fluid  was  received  into  a  separate  vessel  to  raise 
a  floating  image  that  pointed  as  an  index  to  the  hours.  Sometimes  a  boy 
with  a  rod.  Time  with  his  scythe,  and  Death  with  a  dart.  In  this  variety 
of  the  instrument,  it  was  desirable  that  the  quantity  of  fluid  discharged  into 
the  vessel  should  be  uniform  at  all  times  ;  and  to  effect  this,  the  floating 
siphon,  No.  239,  was  sometimes  used.  Such  we  presume  was  the  clepsydra 
of  Orontes,  which  was  made  "  in  the  form  of  a  small  ship  floating  on  the 
water,  and  which  emptied  itself  by  means  of  a  siphon  placed  in  the  middle 
of  it."  Dr.  Harris,  not  aware  of  the  property  of  a  floating  siphon,  could 
not  perceive  how  the  hours  were  made  equal  by  this  contrivance,  which, 
he  observes,  Orontes  devised  to  remedy  the  unequal  jluw  of  water  from 
an  open  vessel. — (Lex.  Tech.) 

Nieuhofl"  noticing  the  numerous  towns  in  China,  upon  the  greater  part 
of  which,  he  observes,  were  clepsydrse,  says,  "  upon  the  clock-house  tur- 
rets stands  an  instrument  which  shows  the  hour  of  the  day  by  means  of 
water,  which  running  from  one  vessel  into  another  raises  a  hoard,  upon 
which  is  portrayed  a  mark  for  the  time  of  day  ;  and  you  are  to  observe, 
there  is  always  a  person  to  notice  the  time,  who  every  hour  signifies  the 
same  to  the  people  by  beating  upon  a  drum,  and  hanging  out  a  board  with 
the  hour  writ  upon  it  in  largo  letters."  (Ogilby,  Trans.  196.)  Montanus 
says  these  letters  were  "  a  foot  and  a  half  long."  See  also  Purchas'Pil- 
grimage,  499. 

In  another  class  of  ancient  clepsydrae,  the  water  dropped  upon  an  over- 
shot wheel,  which  turned  an  index  in  the  centre  of  a  circle,  round  which 
the  hours  were  marked  ;  hence  our  clock  and  watch  dials.  "  The  Chinese 
have  other  instruments  to  know  the  hour  of  the  day,  being  somewhat  like 
our  clocks  with  wheels,  and  they  are  made  to  turn  with  sand  as  mill- 
wheels  are  with  water."  (Niculiofl^)  At  last  solid  weights  were  intro- 
duced ill  place  of  water,  and  by  means  of  cords  gave  motion  to  the  index, 
and  thus  opened  the  way  still  more  for  the  introduction  of  modern  clocks. 

It  would  appear  from  tlic  description  of  clepsydrse  by  Vitruvius  and 
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other  wr:te.-».  that  tJie  «ncleuts  Jiad  carrifj  \.)\<itf  macliines  to  »«y  gnit 
perfi'ciioM  ;  anU  as  regards  ornament,  they  probably  excelWd  manv  of 
ittir  inanlcl  lime  pieces.  They  were  even  conibiiied  with  mimic.  Thui 
Plato  hud  one  that,  during  the  night,  when  the  index  of  the  dial  could  iwit 
bo  seen,  announced  the  time  by  playing  upon  flutes.  Athensfu*  .-ilso  cod 
•tructod  one  that  indicateil  ihi'  hours  by  sounds,  produced  by  the  com- 
pression and  expulsion  of  air  bv  water — the  same  principle  as  PWto's. 
Petrarch  in  enumerating  the  spniU  of  Asia  which  Pompey  eihil>itPi1  at 
his  liiird  triumph,  besides  cups,  chests  and  beds  of  gold,  a  mountain  of  the 
lanu;  metal,  u'iih  statues  of  harts,  lions  and  other  lieasts  ;  trees,  and  all 
kinds  of  fruits  formed  of  pearls  suspended  from  gohlen  braiichc*.  Aic. 
Continues.  "  Of  the  same  substance,  there  was  a  rliicke,  ao  cunningly 
wrought  that  the  woorkmanshyp  excelled  the  slufTe,  and  which  cnnri- 
nunlly  moved  and  turned  about — a  right  woonderfuli  and  alrange  »i»ht." 
— ("  Phisicke  against  Fortune,"  translated  by  T.  Twyno,  Loud.  li>79, 
F.  120.) 

The  want  of  uniformity  in  the  going  of  ancient  water-clocks  was  noticed 
bv  Seneca,  and  compared  to  the  differences  of  opinions  entertained  by 
philosophers  ;  and  Charles  V.  after  shedding  rivers  of  blood  to  make  men 
believe  the  dogmas  he  wished  to  impose,  amused  himself  in  his  rerinr- 
ment  in  the  construction  of  watches,  and  wa«  surprised  that  he  could  not 
make  two  go  a'iko. 

No.  272  represents  one  of  the  improved  clepsydrsB  of  Ctesil>itr»,*  fr«tn 
Pcrrault's  Translation  of  Vitruvius.*  It  presents  several  interesting  par 
ticuUrs  relating  to  the  stale  of  the  useful  arts  upwards  of  twenty  cciiiuriet 
ago,  and  is  belter  calculated  to  impart  information  to  mcch;tni"'»  rc»|»ect- 
mg  the  ingnnutty,  and  even  tjie  workshops  and  tools,  of  their  ancient 
brethren,  than  renins  of  letter-pres».  Bi-sides  carving,  turning,  found- 
ing,  &c.  &c.^it  shows  the  practical  application  of  water  to  move  ov*t- 
•hot  wheels — the  art  of  transmitting  motion  and  of  changing  its  dirt'ctioa 
by  toolhed  wheels — it  exhibits  the  same  principle  of  measuriirg  litne 
practised  by  our  clock  and  watch-makers,  via.  by  proportioning  the  nir 
her  of  teeth  on  wheels  to  those  on  the  pinions  between  which  thry  werl 
The  application  of  the  siphon  is  also  interesting,  b«<ing  the  same  as  is  uwd 
to  illustrnte  the  action  of  intermitting  springs.  Upon  this  instrumnnl  tjin 
renewal  of  the  diurnal  movements  of  llie  machinery  depended  :  ita  effee* 
being  si^iilar  to  that  of  winding  up  an  ordinnry  clock. 

Tliis  clepsydra  consisted  of  a  cylindrical  column  placed  on  a  sqosr*  fl 
Deilestal,  within  which  the  mechanism  was  concealed.  The  hours  (<'t  V 
both  day  and  night  wore  marked  upon  the  column;  their  inequality  at 
different  seasons  being  measured  by  unequal  distances  between  the  curved 
lines  and  by  the  revolution  of  the  column  round  ita  axis  once  a  year.  Ob 
the  pedestal  are  seen  the  figures  of  two  boys,  one  of  which  was  immove 
able,  but  the  other  rose  and  pointed  out  the  difTerent  hours  with  his  vrand. 
Water  (supplied  from  some  reservoir  by  a  concealed  pipe)  continually 
dropped  from  the  eyes  of  the  ngiire  on  the  left,  and  falling  into  a  diM 
was  conveyed,  by  a  horizontal  cliannel,  under  the  feet  of  the  other  figure, 
where  it  trickled  into  a  deep  vessel,  or  large  vertical  tube,  whose  lowor 
end  was  closed.  In  this  lube  a  flonl  was  made  to  rise  and  fall  with  th« 
water,  and  being  atliiuhed  to  the  feet  of  the  figiire  with  the  wand  c«u«<>d 
It  u'  rise  also,  and  thus  to  indicate  the  lapse  of  time.     At  the  «nd  of  -4 
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•  Thore  was  nnnther  niicient  pliilojophpr  nT  llie  -"nine  n«nn?,  Ctpsibius  of  Chalci*. 

*  In  Bnrhnro'a  Vilrilvlun,  Venice.  l^tiT,  tliure  are  ligiiiea  of  two  oiben  equal!/  lOf 
aious.  ^iit  rather  more  complex. 
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h<?  would  Imj  filW,  atiij  the  fignr^  near  the  top  of  the  column.  Ja  A. 
that  the  siphon  came  into  play,     lis  short  leg,  as  repreaented' ' 

in  the  cut,  was  connecteii  to  the  lower  part  f^ri^  / 
of  the  tulw  that  contained  the  float,  and  it*       ,    -' 
Wnd    reachi'd   as  high  ns  the  upper  end  of^  /  r*^ 
the   tube.     When   the   latter  therefore   ^'^'kt/i 
full   the  siphon  would   he   charged,  and   th-/  j- 

contents  of  the  tuhe  discharged  l>y  it  imo/Jul  w1 
one  of  the  huckets  of  ihe  wheel.  The  fitju'i; 
with  the  wand  would  then  descend,  havinp 
nothing  to  support  it.  The  wheel  having 
six  buckets  only,  performed  a  revolution  in 
six  days.  To  its  axis  was  secured  a  pinion  »if  y/^.  ,,^ 
six  teeth  that  worked  into  a  wheel  with  sixty,  "" 

and  on  the  shaft  of  this  wheel  a  pinion  of^J^i*. 
ten  teeth  drove  a  wheel  of  sixty-one  teeth,    .  ^y. 
which    last    M-liecl    by    its    axis    turned    the  Utti^ 
column  round  once  in  365  days.  ^4.   .^^ 

As  the  accuracy  of  such  a  clock  depended 
upon  the  sire  of  the  orifices  in  the  weeping  t<j, 
figure,  whence   the   water  esc8j>cd,   to  pre- 
vent  their  enlargement  by  the  friction  of  the 
liquid,  Ctesibius  bushed  them  with  jewels. 

AI)OUt  the  year  807,  the  Caliph  Haroun 
sent  some  valuable  presents  to  Charlemagne, 
and  among  them  a  water-clock,  which  struck 
the  hours  by  means  of  twelve  little  brass 
balls  falling  on  a  bell  of  the  satne  metal. 
There  were  also  twelve  figures  of  soldiers, 
which  at  the  end  of  each  hour  opened  and 
shut  doors  according  to  the  number  of  the 
hour. — (Mariiifny's  Hist.  AraViians.  iii.  92.) 

There  is  a  very  simple  clepsydrain  Kirchcr'i 
Mundus  Subierrnneus,  torn,  i,  157.  M..\mon- 
tons  deviled  anoiher.  M»?m.  Acad.  Science, 
A.D.1699,p.51.  SeenlsoPhil.Trans.vol.xlr, 
p.  171,  and  Fludd's  Simia.  Decaushas  given 
a  clepsydra  in  the  fifth  plate  of  his  Forcible 
Movements.  A  wntrr  pendulum  is  figured 
in  Ozanam's  Recreation?,  p.  3S8. 
Hour-glasses  were  formerly  placed  in  coffins  and  buried  with  the  corpse, 
probably  as  symbols  of  mortality — the  sands  of  life  having  run  out.  See 
Gent.  Mag.  vol.  xvi,  616,  and  xvii,  264.  Lamps  found  in  ancient  seiiul- 
chres  were  possibly  interred  with  the  same  view — to  indicate  the  lamp 
of  life  having  become  exiinguished. 

Gnrcilasso  mentions  a  dial  by  which  the  Peruvians  ascertained  the  titne 
hen  the  sun  entered  the  e<piinox  :  whether  these  people  or  the  Mexicans 

water-clocks  we  have  not  been  able  lo  ascertain. 
Uyihavlic  Orgmu  do  not  appear  to  be  of  so  high  antiquity  as  clepsydne, 
t  their  origin  is  equally  uncertain.     Perhaps  they  were  derived   from 
musical  water-clocks. 

The  first  organs  were  probably  nothing  more  than  simple  combinations 
of  flutes,  pipes,  and  other  primitive  wind  instruments.  What  the  cir» 
ramstances  were  thai  led  to  the  idea  of  uniting  a  number  of  these,  and 
•upplyiii'  them  with  wind  from  be"ows  instead  of  the  mouth  can  hardly  be 
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conjectured.  The  first  step  wbs  probably  bag-pipes,  aiMl  tKe 
addition  uf  keys  or  valves.  In  process  of  time,  the  instramenu.  instesil 
of  being  made  of  reeds  or  other  natural  tubes,  were  formed  of  metal ;  and 
their  number,  variety,  and  dimensions  increased  until  organs  became  tin 
mojt  powerful  and  harmonious,  and  consequenllv  the  most  eslernipd  of 
all  musical  machines.     The  organs  mentioneii  in  ttie  Bible  »■••-  Ij 

portable  ones,  similar  to  the  modern  regai.     The  ancients  u  .a 

into  two  classes — pneumatic  and  hyUraulic,  or  wind  and  water  ursaiii. 
The  dilFerence  consisted  merely  in  the  modes  of  supplying  the  wind — in 
one  it  was  by  means  of  water,  while  in  the  other  bellows  wrere  worked 
by  men. 

Water  was  employed  in  various  ways  in  ancient  hydraulic  organs. 

1.  By  falliiig  through  a  pipe,  it  carried  down  air  into  a  reservoir,  as  in 
lilt  trombe  or  shower  bellows,  (No.  19S.)  Here  it  not  only  furnished 
the  air  but  forced  it  through  the  pipes.  According  to  Kircher,  it  was  then 
discharged  on  a  wheel,  and  gave  motion  to  drums  on  whose  peripheries 
were  projecting  pins,  which  depressed  the  keys  of  the  instrument,  as  in  ibe 
modern  barrel  organ. 

2.  It  was  discharged  upon  an  overshot  wheel,  and  by  cranks  and  levers 
merely  worked  common  bellows.  This  may  seem  strange  to  some  readcn, 
but  it  must  be  remembered  that  these  instruments  were  often  of  enormout 
dimensions.  Even  so  rude  a  people  as  the  Anglo-Saxons,  had  organs 
that  refjuired  "  seventy  strong  men"  to  work  the  bellows. 

3.  Sometimes  water  was  only  used  in  an  open  tank  or  cisteni,  into 
which  a  smaller  one  constituting  the  air-chamber  was  inverted.  The  air 
was  then  forced  by  ordinary  or  piston  bellows  into  the  latter,  and  dis- 
placing the  water  caused  it  to  rise  in  the  outer  vessel,  where  its  constant 
pressure  urged  the  air  through  the  organ. — Sec  No.  1 10,  and  p.  245. 

4.  The  vapor  of  boiling  water  or  steam  was  also  used,  and  which  of 
course  supplied  the  place  of  both  wind  and  bellows.  The  extent  to  whick 
steam  was  used  is  unknown.  It  was  probably  confined  chiefly  to  the 
teniples. 

The  details  of  the  mechanism  of  ancient  organs  that  have  come  doirn 
are  very  imperfect.  Their  description  by  Vitruvius  and  Heron  is  obscure, 
and  in  some  parts  unintelligible ;  and  they  admit  that  the  construction  was 
too  complex  to  be  easily  comprehended  except  by  those  familiar  with 
them. 

The  earliest  distinct  notice  on  record  of  anj'  thing  like  a  water-organ, 
is  the  musical  clepsydra  of  Plato.  There  is  no  reason  to  suppose  it  was 
invented  by  him,  but  rather  the  contrary,  for  he  contemned  all  mechani- 
cal 9|_)eculaHon3.  Ho  probably  met  with  it  in  Egypt,  and  having  intro- 
duced it  to  his  countrymen,  was  (as  usual  with  them)  considered  its  author. 

Tertullian,  in  a  Treatise  on  the  S.iul,  speaks  of  an  organ  invented  hy 
Archimedes,  but  of  its  construction  little  is  known. 

From  Vitruvius'  account  of  hydraulic  organs,  and  from  the  last  two 
Problems  in  Heron's  Spiritalia,  we  learn  that  they  were  very  elaborate 
machines.  Decaus  has  amplified  some  of  Huron's  devices  for  producing 
music  by  water. 

Plutarch  in  comparing  Cato  and  Phocion,  after  observing  that  their 
severity  of  manners  was  equally  tempered  with  humanity,  and  their  valor 
with  caution  ;  that  they  had  the  same  solicitude  for  others,  and  tlie  same 
disregard  for  themselves  ;  the  same  abhorrence  of  every  thing  lase  and 
dishonorable,  Jtc.  observes,  that  to  mark  the  difference  in  their  charac- 
ters would  require  a  very  delicate  expression,  like  ihc  Jincly  d'rcriminateA 
touHilt  uf  the  organ.      This  is  supposed  by  Langhorue  to  rkve  been  i 


Chap.  8.]    Nero'i  Water-Orgmt— OOert  m  tike  Middle  Aga.  049 

water-orgfan.  The  elder  Pliny  refers  to  them  in  l»ook  \x,  cap.  8.  Speak 
Ing  of  dolphins,  he  observes,  they  are  fond  of  music,  especially  "  the  sound 
of  the  wa/er  inttrumenl,  or  such  kind  of  pipes."  We  noticed,  page  245, 
a  representation  of  an  hydraulic  org^n  on  a  medal  of  Valentinian.  Tha 
silver  Triton,  mentioned  in  the  chapter  on  Fountains,  that  by  machinery 
was  made  to  rise  out  of  the  lake  and  sound  a  trumpet,  may  be  considered 
a  modification  of  these  instruments,  and  so  may  the  whistling  clock  of 
AthcnsBus  mentioned  in  the  last  one. 

Suetonius,  in  nis  Lrfe  of  Nero,  mentions  an  hydraulic  organ  which  that 
emperor  took  particular  pleasure  in.  It  must  have  been  a  magnificent 
affair,  since  even  Nero  deemed  it  of  sufRcient  imporlance  to  form  the 
principal  object  vowed  by  him,  when  the  empire  was  in  danger  from  the 
rebellion  of  Vindex.  Inviting  some  of  the  chief  Romans  to  a  consultation 
on  public  affairs,  "  he  entertained  them  the  rest  of  the  day  with  an  organ 
of  a  new  kind,  and  showing  them  the  several  parts  of  the  inventinn,  and 
discoursing  about  the  nature  and  difHculty  of  the  instrument,  he  told  them 
he  designed  to  introduce  it  upon  the  theatre,  if  Vindex  would  permit  him." 
In  this  passage  Suetonius  docs  not  state  that  the  machine  was  a  tealer- 
organ  ;  but  in  a  subsequent  one  he  observes, — "  Towards  the  close  of 
Nero's  life,  he  publicly  vowed  that  if  the  empire  was  secured  to  him  (by 
overcoming  the  rebels)  he  would  bring  out  at  the  games,  for  his  obtaining 
the  victory,  a  water-organ,  a  chorus  of  flutes  and  bag-pipes,"  &c. 

The  author  of  a  letter,  attributed  to  St,  Jerome,  speaks  of  a  large  organ  at 
Jerusalem,  the  sounds  of  which  could  be  heard  at  the  distance  of  a  thousand 
paces,  or  to  the  Mount  of  Olives.  It  consisted  of  two  elephant  skins,  or 
rather  perhaps  resembled  two  of  those  animals.  There  were  twelve  large 
bellows  and  fifteen  bras3  pipes.  The  two  animals  were  said  to  represent 
the  Old  and  New  Testaments — the  pipes  the  patriarchs  and  prophets,  and 
the  bellows  the  twelve  apostles.  The  particulars  of  its  construction  are 
not  known. 

Organs  were  used  more  or  less  throughout  the  dark  ages,  during  which 
several  were  brought  into  Europe  from  the  East. 

In  757,  the  Greek  emperor  Constantine  sent  two  organs  to  Pepiri,  king 
of  France.  Meseray  says,  they  were  the  first  seen  in  that  country. 
Another  was  sent  from  Constantinople  to  Charlemagne  in  812;  but  nothinff 
if  known  of  their  construction,  except  that  the  last  imitated  the  sounds  of 
thunder,  the  lyro  and  cymbal. 

In  the  ninth  century,  Louis  Debonnaire  had  a  water-organ  made  for  his 
palace  at  Aix-la-Chapelle,  by  a  Venetian  pnest  named  George.  Another 
organ,  in  which  water  is  su{>posed  not  to  have  been  employed,  he  erected 
in  one  of  the  churches  of  that  city,  and  its  sounds  are  said  to  have  been  so 
ravishing,  that  a  woman  died  in  ecstacy  under  their  influence. — (See  Pre- 
face to  L'Art  du  Facteur  D'Orgues  ;  Arts  et  Meti^res,  folio  edit.  1778.) 

At  page  401,  we  mentioned  an  organ  made  by  Gerbert,  in  which  steam 
was  employed  instead  of  air. 

We  find,  says  Fosbroke,  organs  with  pipes  of  box-wood,  of  gold,  and 
organs  of  alabaster  and  glass ;  and  some  played  on  with  warm  water. 
Brass  pipes  and  bellows  are  mentioned  by  William  of  Malmsbury.  "  The 
monks  of  Italy,  of  the  orders  devoted  to  manual  labor,  applied  themselves 
to  tho  fabrication  of  organs  ;  and  in  the  tenth  century,  a  maker  was  sent 
into  France,  whence  they  insensibly  spread  over  all  the  western  churches." 

Of  modern  hydraulic  organs  it  is  unnecessary  to  enlarge.  Several  have 
been  noticed  in  the  chapter  on  Fountains.  They  have  become  nearly 
extinct.  See  Kircher's  Musurgta  Universalis,  Flndd's  Simia,  Decau^ 
Forcible  Movements ;  Misson,  Blainville,  Breval,  and  Keysler's  Traveb. 
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The  old  Rtgtd,  a  diminutire  cpeeies  of  orgsB,  sbll  ated  tn  aoiBe  {nfM 
•T  Europe,  was  someumes  acted  on  bv  water  ;  at  least  su  tl  wo«ld  te«m 
from  a  remark  of  Lord  Bacon  in  hU  Sylra.  Speaking  of  mtutc,  be  nar^ 
ticalanz«?s  the  tones  from  the  percassion  of  melaJk,  as  in  belU— of  mir,  as 
in  the  voice  whiie  singing,  in  whistles,  organs,  and  airiagied  imlillBM  Ws 
"  and  of  stater,  as  in  the  nightingale  pipes  o?  rrgaVs,  or  oreans,  and  other 
hydraulics,  which  the  ancients  had,  and  Nero  did  so  nacli  eMeaoMi,  kn 
«re  now  lost." — Cent,  ii,  102. 


CHAPTER     II. 


SmiztLkao:  L—J —Hy  fciwiwii  Bii— pigl— i  ^inkiil  —  «f  1— il  \,wmiw%  mmA  inm  mtUm^^ 
CMUaf  ilMci  l««d— SoMtr— Le«J—  boBfci  Kwfc  ttmni  vUk  Iwi  Iwo—  ^  niW  ImI  ti«l 
ilw*Uiui(.  Luou  Pirn :  Of  jcreai  utMinty— Nad*  IHwi  •*•«  Iwd  ky  Ik*  1  ■— M  fllj^i  ■  if 
JaaOaiaD — IjtmAun  p4f*e9  la  8pmia  in  iIm  atnth  c^alarr — Daaaanu — ljtt\hmr  pipe* — MaJiia  Iraa  p«faa 
^iawatioa  of  caat  tcadaa  pipaa — Another  {ilaa  la  Fraiiea — Jotata  ■alt^d  viUtavt  aiJil<i«  la<»af>a«  af 
tmrnmUmttm  pipaa— Barr'a  noda  af  aakia;  lnJaa  pipM — Aaij<|aitj  oTwimIot  la^ — M'aMr  i^aii 
hf  p*Biaf  U»va(k  Icadaa  pipea— Tiaaaal  pipa&  VaLni:  Tbnt  auiqsiljr  aa<  ran«)> — Xa*«aaB(( 
aaf ii!a«n.  Coc&t :  Of  (raai  fanrly  ami  naUriala  ia  aaciaal  tiaw  UnrapaBn  Taata  aaackad  I*  laa 
lavar  »f  br«a»  aaJ  Uia  braxaa  tea — K\m  lo  foUM  aad  ail*cr  caalaraa  ia  tba  lafllpla  at  Diipm  F— <  to 
iapaf  ia  balha— Tifara  of  aa  aacjaal  broaza  cock — Superior  ia  i<a  couatrocuoa  to  »aJar»  i 
A«aa  Roosaa  foaauio — Nanbara  foaaJ  at  Poapaii— SUfor  pipca  aad  eockj  ia  Raomb  kalka— QaAtei  ^ 
aa<<  uUvt  pi|»*«  aad  cocka  ia  Feraviaa  balha — Slidinf  cocki  hj  ck«  aatkor.  WaTCk.Ci' 
aacieal  dal*— Conaoa  ia  ika  EajC    TkApa  for  dr*ia>,  *«, 

A  FBW  subordinate  inventions,  but  such  as  are  of  some  importance  in 
practical  hydraulics  have  been  reserved  for  this  chapter,  vis  :  akeel  lead, 
pipes,  valves  and  cocks,  water-closets  and  traps. 

Lead  was  probably  worked  before  any  other  metal.  Its  ores  abound 
in  most  countries,  and  fre<juenlly  reach  to  the  surface  ;  they  are  easily 
reduced  ;  the  metal  fuses  at  a  low  temperature  ;  it  is  soft  and  exceedingly 
plastic.  Lead  is  mentioned  as  common  at  the  time  of  the  Exodus.  Il 
was  among  the  spoils  taken  by  the  Israelites  from  the  Midianites,  and 
articles  made  of  it  were  ordered  to  lie  melted  up.  The  Phenicians  ex- 
ported tin  and  lead  from  Britain.  Both  are  enumerated  in  the  graphic 
account  of  the  commerce  of  Tyre,  in  the  27ih  chapter  of  Esekiel.  The 
Romans  worked  lead  mines  in  France.  Spain  and  Britain  ;  Pliny  says, 
those  in  the  former  coutitries  were  deep  and  the  metal  procured  wnib 
difficulty;  but  in  Britain  it  was  abundant,  and  "  runneth  ebb  in  the  upper- 
most coat  of  tlie  ground."  Several  Roman  mining  tools  and  pigs  of  lead 
have  beeti  found  in  England.  In  1741,  two  pigs  were  dug  up  in  York- 
shire. Their  form  waj  similar  to  that  in  which  the  Missouri  lead  is  cast, 
but  more  than  twice  the  weight.  Each  weighed  150  lb.  and  was  inscribed 
in  raised  letters  with  the  name  of  the  reigning  emperor,  Domitian. — (Pbil 
Trans.  Abrid.  ix,  420.) 

The  uses  to  which  lead  was  put  by  the  ancients  were  much  the  same  as 
at  present.  The  fishermen  of  Egypt  sunk  their  nets  with  it  just  as  onr» 
do.  A  portion  of  a  net  with  "  sirrkers"  attached  is  preserved  in  the  Berlin 
Museum.  Leaden  statues  are  ancient.  There  was  one  of  Mamnrius  tX 
Roms.     They  probably  preceded  those  of  bronse,  and   perhaps  fomwa 

Cart  of  the  spoil  nf  the  Midiniiitcs  mentioned  above.     The  Romans  Irid 
imden  coffins  ;  a  device  adopted  more  or  leas  in  all  ages.     Double  leadcv 
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rniiins  (ohscrves  Fosbroke)  occur  in  the  Anglo-Saxon  era,  not  made  of 
piain  lead,  but  folded  in  a  very  curious  and  handsome  manner.  For  the 
nii^e  of  making  coffins  and  their  singular  forms,  consult  L'Art  du  Plom- 
l»ier.  Arts  et  M^tieres,  tome  xiii,  a  Neuchatcl,  1781.* 

The  art  of  casting  lead  into  sheets  on  beds  of  sa?id,  as  now  practised  bjr 
pli;nil>er8,  is  of  immense  antiquity.  The  terraces  of  Nebuchadnezzar's 
hanging  gardens  were  covered  with  sheets  of  lead  soldered  together,  to 
retain  moisture  in  the  soil.  The  composition  of  ancient  solder  for  lead, 
we  know  from  Pliny,  was  the  same  as  ours.  It  is  uncertain  whether  the 
art  of  uniting  lead  by  "  burning."  that  is,  by  fusing  two  edges  together 
(without  solder)  was  known.  Pliny  says,  "  two  pieces  of  lead  cannot 
possibly  be  soldered  without  tin  glass."  Either  therefore  the  ancients 
had  not  the  art  of  "  burning"  pieces  of  lead  together,  or  Pliny  was  not 
aware  of  it. 

Tablets  of  lead  were  anciently  used  to  write  on.  Job  alludes  to  them. 
Bi>oks  composed  of  leaden  leaves  are  figured  by  Montfaucon.  To  such 
tablets,  we  presume,  Pliny  refers,  when  he  speaks  of  lead  "  driven  with 
the  hammer  into  thin  plates  and  leaves." — (Nat.  Hist,  xxxiv,  17.) 

The  employment  of  sheet  lead  as  a  covering  for  roofs  ascends  to  the 
earliest  ages  in  the  East.  It  is  still  extensively  used  there.  Tavernier, 
in  speaking  of  the  mosques  at  Aleppo,  says  their  domes  were  covered 
with  lead,  and  so  was  the  roof  of  the  great  hall  of  the  Divan  at  Constant!- 
nople.  He  mentions  an  inn  or  caravansary,  the  roof  of  which  was  covered 
with  the  same  metal.  Henry  Blount,  who  traveled  in  Egypt  and  Turkey 
,n  16.34,  found  the  roofs  of  the  mosques  and  seraglios  at  Adriiinople  covered 
with  lead.  Count  Caylus  mentions  ancient  sheet  lead  half  a  line  thick 
taken  from  the  inner  dome  of  the  Panlhcon.  Gregory  of  Tours  describes 
an  old  temple  of  the  Gauls,  which  was  extant  in  the  time  of  the  Emperor 
Valerian,  and  had  a  leaden  roof.  (Montfauc.  Supp.)  Paulinus  built  a 
church  at  Catarick,  Eng.  which  was  burnt  by  the  Pagans  ;  he  built  another 
of  wood,  which  was  the  mother  church  of  British  Christianity,  "  and  en- 
closed the  whole  building  with  a  covering  of  lead."  The  churches  and 
castles  of  Europe  in  the  middle  ages  were  almost  uniformly  covered  with 
this  metal.  In  a  statute  passed  in  (he  fourth  year  of  Edward  I.  of  Eng- 
land, (A.  D.  1276,)  to  ascertain  the  value  of  real  estate,  commissioner* 
were  appointed  to  visit  "  castles,  anil  also  other  buildings  compassed  about 
with  ditches  [to  determine]  what  the  walls,  buildings,  timber,  stone,  lead, 
and  other  manner  of  covering  is  worth." — (Statutes  at  large.) 

Leaden  seals  on  woolen  cloth  were  used  in  Henry  IV.'s  reign. 

It  is  uncertain  whether  the  ancients  were  acquainted  with  the  process 
of  forming  lead  into  sheets  by  passing  it  between  rollers.  If  they  were, 
the  art,  like  many  others,  l>ccame  lost,  and  was  not  revived  till  the  17th 
century.  A  close  examination  of  specimens  of  ancient  sheet  lead  might 
determine  the  question. 

Rolling  or  "  milling"  of  lead  was  invented  by  Mr.  Thos.  Hale,  in  1670, 
about  which  time  the  first  mill  was  erected  at  Deptford.  The  inventor 
met  with  violent  Oftposition  from  shipwrights,  liecause  the  lead,  from  its 
smooth  siirfhce,  uniCirniity  of  thickness,  and  low  price,  began  to  be  gene- 
rally adopted  for  sheathing  vessels,  in  place  of  the  old  wooden  and  leather 
sheathing.     And  as  it  was  used  aUo  for  gutters  and  roofs  of  houses,  "  the 

*  Aboat  twenty  yean  ajro  iron  coffin*  were  introduced  in  England  and  secured  by 
|>a(ent ;  but  they  were  not  then  by  any  rnenn*  a  new  tiling  under  the  onn  :  Tor  the  Par 
sees  oflndin  for  h^k*  bnried  their  dead  in  itieiii.  "  Ceii  idulutres  adnrent  le  feu  coinine 
ri«  divinity.  con^idiTunt  le  boiii  coinine  m  viande;  d'od  il  vient  qu'iln  ne  melUnt  pas 
lenrs  j>irrts  dar<  le*  rercueiU  de  bois.  matt  Jtftr  "— (C.  AutViiiaire  iii  M>i.) 
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plambera  were  as  indiistrious  as  the  shipwrights  to  ilerrjr  the  lead ;"  bat 
finding  their  opposition  in  a  great  measure  fruitless,  "  some  of  tliem  now 
begai.'  to  cry  it  up,  and  have  set  up  engines  to  mill  it  themaelTcs."— 
(Collier's  Diet.  Art.  England.) 

A  paper  in  >he  Phil.  Transactions,  1674,  erroneoosly  attributes  the  in- 
vtniion  to  Sir  Philip  Howard  and  Major  Watson.  These  gentlemen  were 
associated  with  Hale  in  the  patent,  and  merely  contributed  tbeir  in- 
iiuencc  to  introduce  the  new  manuiacture,  especially  to  sheathe  the  pub- 
lic ships.  (Abrid.  i,  596.)  The  large  ship  built  by  Archimedes  was 
sheathed  with  lead. 

Pipes  for  the  conveyance  of  water  have  been  made  of  earthenware, 
stune,  wood  and  leather,  but  more  generally  of  lead  and  copper.  LteatUm 
pipet  extend  back  to.  the  dawn  of  history.  They  were  more  or  less  com- 
mon in  all  the  celebrated  nations  of  old.  In  the  old  cities  of  Asia,  Egypt, 
Greece,  Syria,  &c.  they  were  employed  to  convey  water  wherever  the 
pressure  was  too  great  to  Ije  sustained  by  those  of  earthenware.  The 
same  practice  is  still  followed  :  thus  in  Aleppo,  both  leaden  pipes,  ami 
those  of  stoneware  are  used,  arid  in  all  probability  just  as  they  were  when 
this  city  was  known  to  the  Greeks  as  Bemsa,  and  to  the  Jews  in  David's 
time  as  Zobah.  Archimedes  used  pi|^s  of  lead,  to  distribute  water 
by  engines  in  the  large  ship  built  for  Hiero ;  and  the  same  kind  were 
doubtless  employed  in  conveying  water  to  the  different  terraces  of  the 
famous  gardens  of  Babylon.  The  great  elevation  to  which  the  fluid  was 
raised  would  render  earthenware  or  wooden  pipes  entirely  inapplicable. 

We  have  no  information  respecting  the  mode  of  making  leaden  pipes 
previous  to  the  Roman  era ;  but  as  that  people  adopted  the  arts  and  cus- 
toms of  older  nations,  we  may  be  assured  that  their  tubes,  as  well  as  their 
pumps  and  other  engines,  were  mere  copies  of  those  made  by  the  pluml>ers 
of  Babylon  and  Atnens,  Egypt  and  Tyre.  All  ancient  pipes  yet  dis- 
covered are  said  to  have  been  made  from  sheet  lead  ;  viz  :  strips  of  suffi- 
cient widlh  folded  into  tubes  and  the  edges  united  by  solder.  We  learii 
from  Viiruvius  that  Roman  plumbers  generally  made  them  in  ten  feet 
lengths,  the  thickness  of  the  metal  being  proportioned  to  their  lx)re,  accurd- 
ifig  to  a  rule  which  he  gives  in  book  viii,  cap.  7.  of  his  Architecture. 
Large  quantities  of  Roman  leaden  pipes  have  been  found  in  different  parts 
of  Europe,  varying  in  their  bore  from  one  to  twelve  inches.  Some  of 
them  are  very  irregularly  formed,  their  section  being  rather  egj-shaped 
than  circular.  Montfaucon  has  engraved  several  specimens.  On  large  ones 
belonging  to  the  public,  the  name  of  the  consul  under  whom  they  were 
laid  was  cast  upon  them.  Others  that  supplied  the  baths  of  wealthy  indi- 
viduals have  the  owners'  names ;  and  sometimes  the  maker's  name  was 
cast  on  them.  Of  small  leaden  pipes,  Frontinus  mentions  13,a94  of  one 
inch  bore  that  drew  water  from  one  of  the  aqueducts.  Pompeii  was  but 
a  small  provincial  town,  of  which  not  more  than  one-third  has  been  ex- 
plored, and  yet  a  great  many  tons  of  pipes  have  been  found.  The  con- 
sumption of  lead  for  pipes  must  have  been  enormous  in  old  Rome,  not 
only  from  their  great  number,  but  on  account  of  the  large  dimensions  of 
the  principal  ones.  Pliny  might  well  observe,  "  Lead  is  much  used  with 
lis  for  sheets  to  make  conduit  pipes." — (.xxxiv,  cap.  17.) 

An  ordinance  of  Ju-stinian  respecting  a  bagnio  erected  at  Constantinople 
by  one  of  the  dignitaries  of  the  empire  is  extant :  "  Our  imperial  will  and 
pleasure  is,  that  the  leaden  pipes  conducting  the  water  to  the  Achillean 
bagnio,  contrived  by  your  wisdom,  and  purchased  by  your  munificence, 
be  under  the  same  regulations  an-l  management  as  have  been  appointed 
in  the  like  cases ;  and  that  the  sai'I  pipes  shall  only  Eu;iply  such  bognioi 
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tml  nymphapa  a^  you  shall  think  fit,"  &c.  Constantinople  has  fur  ages 
\K>en  supplied  with  water  through  leaden  pipes.  The  Sou-terazi  or  water 
towers,  arc  mere  contrivances  to  facilitate  the  ascent  and  descent  of  the 
fluid  through  pipes.  /,^       ■■ 

Leaden  pipes  have  been  uninterruptedly  employed  in  some  or  other  of  '  3^ 
European  cities  since  the  fall  of  the  empire.     In  the  middle  of  the  ninth /i  <•  r-:>"^ 
century  water  was  conveyed*l)y  them  to  supply  Cordorva,  in  Spain,  under    ,      • 
the  Caliph  Abdulraliman  11.  who  also  caused  that  city  to  be  ])aved.    This     ''•  •  ''  ' 
is  the  oldest  pavement  on  record  in  modern  cities.     Benjamin  of  Tudela,     ^  j'  .'' 
who  visited  Damascus  in  the  12th  century,  says,  the  river  Pharpar  (see 
2  Kings,  chap,  v,)  slideth  by  and  waterelh  the  gardens  ;  "  but  Ahuna  is 
more  tamlliar  and  entereth  the  ciiie,  yea,  iiy  helpe  of  art  in  conduits  [pipes] 
visiteth  their  private  houses." — (Purchas'  I'ilgrim.) 

The  anpicnt  inhabitants  of  the  island  Arados  ingeniously  obtained  fresh 
water  from  the  bottom  of  the  sea.  They  sunk  down  over  the  spring  a 
large  bell  of  lead,  to  the  upp<!r  part  of  which  was  attached  a  pipe  of  leather 
that  conveyed  the  fluid  to  the  surface. — (Pliny,  v,  31.) 

Some  of  the  Roman  earthenware  pipes  were  made  to  screw  into  each 
other.  Old  leaden  pipes  laid,  A.  D.  1236,  to  supply  London,  are  men- 
tioned at  page  294.  Must  modern  pipes  of  large  bore  are  now  made 
of  cast  iron.  The  largest  sizes  now  laying  to  sut)ply  this  citj,  «re  nine 
feet  in  length,  three  feet  internal  diameter,  and  weigh  from  3500  to  3800 
pounds. 

The  first  improvement  on  the  ancient  mode  of  making  leaden  pipes  was 
matured  in  £ngland  in  l.'>39.  It  consisted  in  casting  them  complete  in 
short  lengths,  in  molds  placed  in  a  perpendicular  position.  After  a  number 
were  cast,  they  were  united  to  each  other  in  a  separate  mold,  by  pouring 
hot  m<;tal  over  the  ends  until  they  run  together.  The  device  for  "  burn- 
ing" or  melting  the  ends  was  exceedingly  ingenious,  and  such  pipes  are 
still  made  to  some  extent  in  Europe.  In  the  30lh  year  of  Henry  VIII. 
(observes  Baker  in  his  Chronicles  of  the  Kings  of  England,)  "  the  manner 
of  casting  pipes  of  lead  for  conveyance  of  water  under  ground  without 
using  of  soder,  was  first  invented  by  Robert  Brocke,  clerk,  one  of  the 
king's  chaplains,  a  profitable  invention  ;  for  by  this* two  men  and  a  boy 
will  do  more  in  one  day,  then  could  have  been  done  before  by  many  men 
in  many  days.  Robert  Cooper,  goldsmith,  was  the  first  that  made  the 
instruments  and  put  this  invention  in  practice." — (Edit,  of  1665,  p.  317.) 

Five  years  afterwards,  Ralph  Hage  and  Peter  Bawde  made  the  first 
articles  of  ras<  iron  in  England. — (Ibid.) 

In  the  reign  of  Henry  IV.  of  France,  a  native  of  St.  Germain,  deviseu 
another  mode  of  casting  pipes  and  burning  them  together.  The  mold  was 
used  in  a  horizontal  position,  and  the  metal  poured  in  at  one  end.  When 
a  pijMJ  was  cast,  it  was  not  drawn  entirely  out  of  the  mold,  but  one  or  two 
inches  were  left  near  the  spout  where  the  metal  entered,  so  that  when 
another  length  was  cast,  the  hot  metal  running  over  the  end  of  the  pre- 
vious pipe  fused  it,  and  both  became  as  one.  The  tube  was  then  drawn 
nearly  out  and  another  one  cast  and  united  to  it  in  like  manner,  and  so 
on  till  any  required  len<ith  was  attained. — (See  Planche,  vii.  L'Art  du 
Plombier  in  Arts  et  Mctieres.) 

Sometimes  pipes  formed  of  sheet  lead  have  their  seams  united  by 
"  burning."  A  strip  of  pasteboard  is  packed  against  the  inside  of  the 
seam,  and  the  tube  (if  small)  filN'd  with  sand  ;  the  edges  are  then  melted 
with  a  soldering  iron,  and  the  deficiency  made  up  with  a  bar  of  lead,  in 
the  same  way  as  when  a  bar  of  solder  is  used.  The  old  mode  of  burning 
these  seams  was  by  pouring  hot  lead  upon  them,  and  generally  a  projeo 
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tion  of  metal  was   left  along  the  geam.     The  ancient  pipts  figured  b^ 
Muiitfuucon  have  a  siiiiilur  projection. 

Tlie  plan  of  tlrawiiii^  leaden  pipes  through  dies  like  hollow  wire  wu 
first  pro|>osed  by  M.  Diilesme,  in  the  Transnctiuns  of  the  French  Academif 
of  Scii-nces,  in  1705.  It  was  8iit)3e<)Uently  lironght  forward  by  M.  FayolU 
in  1728;  Vmt  it  was  not  till  1790  tliat  such  pipes  were  made.  Jn  that  yi!»r, 
Mr.  Wilkinson,  the  ccleiiruled  Englisli  iron  master,  touk  out  a  puteiit  fut 
drawing  theiir,  since  which  period  they  have  become  g^eneral  in  Etiglitnd, 
France,  and  the  U.  States. — (See  Reper.  of  Arcs,  Isl  series,  vol.  xvi.) 

In  1S20,  a  singular  mode  of  making  leaden  pipes  was  patented  in  Rrtg- 
land  liy  Mr.  T.  Burr.  A  largo  and  very  strong  cast  iron  cylinder,  in  «hi<li 
a  metallic  piston  is  made  to  work,  is  secured  in  a  vertical  pisiiion.  To 
the  underside  of  the  piston  a  strong  iron  rod  is  fixed,  its  lower  end  lieing 
cut  into  a  screw  or  formed  into  a  rack  for  the  convenience  of  forcing  the 
piston  up,  cither  by  means  of  a  steam  engine  or  any  other  suitable  fir*t 
mover.  To  the  upper  side  of  the  piston  is  secured  a  polished  ('vlindrii'*! 
rod,  rather  longer  than  the  cylinder,  and  of  the  same  diameter  a4  the  l«>r» 
of  the  pijie.  The  cylinder  forms  a  mold  in  which  the  pi}>c  is  first  ca*t« 
and  this  rod  is  the  core.  The  boitora  of  the  cylinder  may  be  o{»mi  ;  l-ut 
the  top  is  strongly  closeil,  with  the  exception  of  a  circular  and  polished 
opening  at  the  centre,  of  a  size  coual  to  the  external  diameter  of  the  pipe. 
Suppose  the  piston  now  drawn  down  to  near  the  bottom  of  the  cylinder, 
the  upper  end  of  the  polished  rod  will  stand  a  little  above  the  circular 
opening,  and  an  annular  space  will  be  left  lietwecn  them  eipial  to  the 
re<)uired  thickness  of  the  tube.  The  cylinder  is  then  to  !«■  filled  with 
fused  lead  through  an  opening  at  the  to|>,  (which  is  to  be  stopped  up  by 
a  screw-plug  or  any  other  device,)  and  as  soon  as  the  metal  begins  to 
assume  the  solid  state,  the  piston  is  slowly  raised  ;  tliis  necessarily  force* 
the  lead  through  the  annular  space  in  the  form  of  a  tube,  which  is  then 
wound  on  a  reel  as  fast  as  formed. 

Various  cylinders  are  employed  according  to  the  different  sized  tubes. 
For  half  inch  pipe,  one  IS  inches  long,  six  or  seven  inches  interna]  diame- 
ter, and  the  sides  three  or  four  inchea  thick  would  bo  required.  Plate* 
with  openiiiijs  of  ditfAent  sizes  may  be  adapled  to  one  cylinder.  They 
may  lie  made  to  slide  in  recesses  cast  in  the  lop. 

This  moile  of  forming  leaden  tubes  is  the  same  in  principle  as  that  liy 
which  some  of  earthenware  have  been  made  :  the  clay  being  put  into  a 
iKiuare  an<l  close  trunk,  is  forced  by  a  piston  through  an  annular  spare, 
adapled  to  the  thickness  and  bore  of  the  tubes  required.  At  first  sight 
the  process  appears  difficult.  It  also  seems  strange  that  toiiil  lead  cau 
thus  be  squeezed  through  an  aperture  into  the  ft>rm  of  a  tube  ;  but  it  should 
bo  rememlicred  that  litis  metal  is  extremely  soft  when  heated  to  near  ih« 
fusing  piiint;  and  that  the  mode  only  differs  from  that  of  innking  rbjT 
pipes  ill  rei](iiring  a  greater  force.  Tubi;s  made  in  this  way  are  in  eeiietal 
more  solid  ilinn  oiher^.  This  arises  from  the  large  body  of  metal  of  which 
they  are  formed  beinij  poured  while  very  hot  into  the  cylinder,  so  thnri 
there  is  little  danger  of  Haws  or  fissures.  These  pipes  may  also  l>e  mud* 
iti  much  greater  lengths  (han  by  any  other  plan.  A  iivinufaclory  of  them 
has  recenilv  been  established  in  Philadelphia. — (See  Repertory  of  Art*, 
for  1820,  vol.  xli,  p.  267.) 

From  the  quantities  of  pipes  used  of  old,  it  appears  singular  that  ih« 
art  of  drawing  them  was  not  discovered,  especially  as  the  7Vrr-P/<f«(A  of 
glazier's  vise  for  drawing  "  window  lead"  is  of  ancient  date — ii  m^ist  beau- 
tiful machine,  and  one  far  more  ingenious  and  inlen-stiiig  than  the  dr»W' 
Wnch ;  one  too  by  which  lead  is  worked  at  a  single  operation  into  verj 
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difficult  forms,  and  such  as  require  the  metal  of  differec   thickness  in  the 
same  piece.* — (See  L'Art  du  \  itrier,  pi.  v,  Arts  et  M^ti«re8.) 

It  has  long  bieen  known  that  water  conveyed  through  leaden  pipes  be< 
conacs  more  or  less  imprpirnatcd  with  a  poisonous  solution  of  that  metal ; 
a  fact  of  which  the  ancients  were  fully  aware,  and  wliich  made  them  very 
scrupulous  in  using  it  for  purposes  of  domestic  economy.  Hippucrates 
aud  Craleu  denounced  its  employment  both  for  cisterns  to  contain,  and 
tubes  through  which  to  conduct  water.  Ancient  architects  were  of  ihe  same 
opinion  ;  thus  Vitruvius  observes,  that  water  drawn  from  leaden  f.bes  is 
very  pernicious,  and  adds,  "  wo  should  not,  therefore,  conduct  wa't-r  in 
pipes  of  lead  if  we  would  have  it  wholesome."  The  Medical  Transacci  ms 
ot  modern  times,  and  works  on  m:n<.>ral  poisons  abound  with  examples  of 
the  fatal  clfects  of  drinking  water  from  reservoirs  and  pipes  of  this  metui. 

Several  modes  have  boon  devised  to  render  leaden  pipes  innoxious.  In 
1S04,  an  English  patent  was  obtained  for  coating  their  interior  surfactts 
with  tin.  This  was  clfeclcd  in  the  following  manner  : — Suppose  a  work- 
man engaged  in  making  tubes  of  half  an  inch  bore  ;  he  first  pours  lead  into 
an  iron  mold  and  forms  a  pipe  two  feut  long,  an  inch  thick,  and  nearly  an 
inch  in  the  bore  :  as  soon  as  the  lead  poured  in  becomes  solid,  he  witli- 
draws  the  steel  mandril  whicii  formed  the  interior  of  the  tube,  throws  in 
a  little  rosin  dust,  and  inserts  a  half  inch  mandril,  between  which  and  the  .  , 
inside  of  the  tube  a  certain  space  is  left.  Into  this  space  he  then  pours 
melted  tin,  which  as  it  collects  b«-Iow,  causes  the  rosin  to  float  on  its  stjr-  '*-''  '" 
face,  as  it  rises  to  the  top,  and  lui>ricales  the  hot  sides  of  the  ler.den  tube. 
Both  metals  thus  become  united,  and  when  the  tin  becomes  solid  t.>iu  man- 
dril is  taken  out ;  and  the  tube,  thus  plated  with  tin,  is  passed  to  the  Ui-cw 
bench,  and  drawn  out  to  the  required  length  like  an  ordinary  leaden  \\va-3. 
There  is  some  difficulty  in  making  the  tin  unite  uniformly  to  the  lead,  and 
when  this  does  not  take  place  the  pipes  are  apt  to  be  broken  in  drawing ; 
for  as  the  two  metals  do  not  stretch  equally,  the  thin  lining  of  tin  is  pulled 
apart ;  and  if  the  lead  does  not  separate  at  the  same  place,  its  surface  is 
exfHJsed,  and  the  strength  of  the  tube  greatly  diminished  at  such  places.^ 
(Repertory  of  Arts,  2d  series,  vol.  v.) 

In  1S20  another  English  patent  was  issued  for  a  similar  plan,  the  dif^ 
ference  consisting  chiefly  in  a  mode  of  better  securing  the  union  of  tlie  tin 
with  the  lead. — Ibid.  vol.  xxxviii. 

In  1832,  the  author  of  this  volume  took  out  a  patent  for  coating  leaden 
pipes  with  tin,  by  passing  thcni,  after  l>eing  drawn  and  otherwise  finished, 
through  a  bath  of  the  fluid  metil.  As  there  is  a  difference  in  the  fusing 
points  of  tin  and  lead  of  about  200^  Fahrenheit,  there  is  no  difficulty  in  the 
process.  By  this  plan  tubes  are  efi'ectvally  tinned  both  inside  and  out,  and 
any  imperfections  or  fissures  are  soldered  up.  The  operation  is  exceed- 
ingly simple  and  the  expense  trifling.  The  process  is  patented  in  England, 
where  the  tubes  are,  we  believe,  more  extensively  used  than  in  this  coun- 
try.— (See  Journal  of  the  Franklin  Institute  for  November,  1832,  and 
May,  1835.) 

Valves  and  Cock*  are  too  essential  to  hydraulic  engines  to  be  omitted 
in  this  work.  The  principle  of  the  valve  has  always  been  in  use  for  a 
variety  jf  purposes.  Doors  are  valves,  and  were  so  named  by  the  ancients. 
Those  of  the  private  apartments  of  Juno  were  contrived  by  Vulcan  to  close 
of  themselves.     Thus  Homer  sings  : 

*  In  one  of  the  apartments  of  a  villa  at  Pompeii,  there  wa^  a  large  f^lazed  bow-wia 
<l«w.  The  glsM  woa  thick,  tinged  witli  green,  and  "  let  iu  Uai  like  a  modern  casement. 
-  (See  Encyc.  Autiq.  pp.  57,  3U8.) 
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TniiclidJ  with  Uh-  ^ucret  koy,  tho  doors  iicfold  ; 

8<2irclo<cil  behind  her  »bu*.  the  valves  of  gold.*  flM,  lir. 

It  11  priibsble  that  all  valves  were  originally  in  tlie  forni  of  tlixiri;  ui«t 
W,  uiei'u  Haps  or  clucks  moving  on  a  liingu,  anii  either  laving  liorixuiOiUly 
like  a  trap-door,  inciiriod  like  gome  of  our  cellar  dour^  opening  v'ttrticJiilv 
IS  i<n  iirdiiiary  door,  or  suspended  by  hinges  from  the  upper  edge;  uij 
MxiieCiines  they  consisted  of  two  leaves  like  folding  doors.  Kxamplnuf 
all  tnese  are  still  common,  isis  was  represented  by  tlie  ancie.nt  Eeypruitij 
wiih  "  the  key  of  the  sluices  of  the  Nile"  in  her  imnd  ;  the  instnimunt  liy 
wnx'.h  the  doors  or  valves,  like  the  locks  in  uur  canals  were  opened  sbJ 
closed. 

The  most  ancient  musical  wind  instruments  known  In  the  Eastern  wiirij 
are  provided  w'th  valves,  as  the  primitive  bag-pi|>us,  and  tlie  Chinete 
V'rwiiion  of  this  instrument,  wiiich  Toreon  describes  as  coiisiating  i>(  "« 
hemisphere  to  which  thirteen  or  fourteen  pipes  are  applied,  and  catchini; 
llie  air  blown  into  it  by  valves."  The  pastoral  flulu  of  Pan,  from  iti 
exprc'iising  thirly-iwo  parts,  he  supjioses  to  have  been  of  a  similar  coii- 
•truction.  (Oslw?ck's  Voyage,  ii,  24S.)  Valves  were  of  course  empiuvoJ 
in  the  orirans  of  Jubai,  ds  well  as  in  the  bellows  belonging  to  his  ci:ieLnitiHl 
brother  ana  other  anteuiluvian  blacksmiths.  The  ninth  problem  of  tba 
Spiriialia  relates  to  valves.  Conical  metallic  valves  were  used  by  Cieii- 
blus  in  the  construction  of  clepsydrae.  In  most  of  the  old  represenlationi 
of  puiaps,  tlaps  of  leather,  loaded  and  stiffened  with  pieces  of  wood  or 
lead  are  tigured.  Agricola  has  given  figures  of  no  olher.  These  cloeJiM, 
as  ihey  are  named,  are  in  most  cases  preferable  to  the  most  perfect  spheri- 
cal or  conical  valves  of  metal :  the  smallest  panicle  of  sand  adhering  to  th^fe 
makes  ihem  leak  ;  besidt's  which,  they  are  liable  to  slick.  We  have  known 
them  replaced  with  common  clacks.  Amontons,  in  experimenting  with 
a  forcing  pump,  found  the  valves,  which  were  of  highly  polished  motal 
and  w<^ll  fitted,  adhere  so  strongly  to  ihoir  seats,  that  he  had  to  subslitutD 
lentlior  clucks  for  them. 

The  spindlo  valve,  or  such  as  have  a  long  shank  to  prevent  their  rising 
too  high,  and  guiding  them  when  descending,  is  said  to  be  of  French 
origin. 

We  have  sometimes  used  a  simple  valve  on  the  lower  box  of  a  pump. 
It  consisted  of  a  short  pipe  of  thin  and  very  soft  leather  secured  to  the 
uppor  side  of  the  box.  When  the  sucker  was  raised,  the  water  rushed 
ihroui^li  this  pipe,  and  when  the  stroke  ceased,  it  waf  instantly  collaps<^J 
by  the  pressure  of  the  fluid  above  it,  and  then  fell  down  on  one  side  of 
the  box. 

Cocki  are  a  species  of  valve,  but  not  self-acting  like  the  latter,  In 
purnps  and  bellows  the  momentum  of  the  entering  liuids  opens  the  valvits. 


•  Hours  opftrtpJ  and  closed  hy  secrM  iiiacliini-ry  were  foniipriy  much  in  vosne.  H<!roB 
mnde  tiiDn;  of  n  tritiple  limn  lo  acl.  VilriiviiH  upcik*  of  daop>  tlint  cloned  bv  lli4lTi<r|re(, 
(nnd  wlicn  opiMinil,  ruse  •iiirtit-ifrilly  liigli  lo  cli';ir  tlii?  c.irpi-t.)  In  the  old  eilir"  of  Kii- 
rope,  the  pnto^  were  moved  by  conrcaled  incrhuiiifitii  to  prevent  a  i<iirpri»c.  Th.i-e  il 
Augcbiirf!  were  fiiiiioiis.  A  single  person  only  could  enter  !>t  a  lime,  mid  he  ««•<  inrlnwd 
between  two  pale,!  till  the  otijprt  of  hit  visit  wiw  n"certiiinpd.  As  «oon  «  i)«  npprouclieU 
the  first  one,  il  opened  of  iiself,  he  entered.  "  and  it  cloned  upon  his  heels."  <»n  ruiicb- 
inj?  the  second  il  acied  iii  likn  tiiaiiner.     During  tliese  operntions,  the  vi«iior  saw  oo 

Rersoii,  nlihonal)  Ke  was  exposed  to  llie  scrnliny  of  officers  within.  The  innei«irnle«  of 
luremlicire,  desirinp  to  have  n  inte  of  the  siiiiie  kind  for  the  «eciiritv  of  their  citv.  -rni 
•oiiie  entineer.J  to  take  a  moilet  ;  liiii  after  nevernl  ex.imiii.ilion«.  Ihev  reliirn>-d  hom« 
and  reported  "lli:it  wiidout  piilhcis  down  the  walls,  and  all  (he  masonry,  it  w.-u  not  ii 
the  power  of  Bnl-rbnh  Imnsfir  )n  find  out  how  it  was  contrived,  or  lo  uiaka  one  Ilk*  il 
in  a  Uioiisaiid  years." — (Ulaiiiville's  Travels,  i,  'ioO.) 
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wlitle  their  own  weight  serves  to  close  them  ;  hut  in  ordinary  cocks,  tha 
plugs  must  be  turned  by  some  external  force.  Cocks  of  wood,  brass,  and 
other  metals,  and  made  on  the  pnnciple  of  those  now  in  use  are  extremely 
ancient.  There  is  reason  to  l>elieve  that  ancient  modifications  both  of  valve 
and  'plug  cocks  were  quite  as  numerous  as  modern  ones.  It  is  certain 
that  the  Greeks,  Rx>mans  (and  most  probably  the  Babylonians  and  Egyp- 
tians also)  had  far  richer  specimens  of  these  instruments,  both  as  regiirds 
the  material  and  workmanship  than  any  thing  of  the  kind  in  modern  days. 

Horus  Apollo,  or  Horapollo,  an  Egyptian  of  the  fourth  century,  wiole 
«  v/ork  "  Concerning  the  Hieroglyphics  of  the  Egyptians,'' and  he  informs 
OS  that  the  priests  gave  the  form  of  a.  lion  to  "  the  mouths  and  stops  [cocks] 
of  consecrated  fountains,"  because  the  inundation  of  the  Nile  occurred 
when  the  sun  was  in  Leo. — (Encyc.  Anti.  i,  185,  note.) 

The  contents  of  those  enormous  metallic  vases  mentioned  in  both  sacred      >      , 
and  profane  history,  were  undoubtedly  discharged  through  cocks,  although 
these  are  not  always  indicated  :  as  the  latter  of  brass  made  by  Bezaleel  *■ 
out  of  the  mirrors  of  the  Israelitish  women  :  the  brazen  sea  also,  which 
was  cast  by  a  Tyrian  brass-founder  for  Solou.on.     I'his  unrivaled  vase        '  • ' 
was,  according  to  .losephus,  of  an  hemisphericdl  form.     It  was  sixteen 
feet  in  diameter  and  between  eight  and  nine  in  depth  ;  "  an  hand-breadth" 
in  thickness,  and  contained  about  15,000  gallons.    The  brim  was  wrought 
like  the  brim  of  a  cup,  with  flowers  of  lilies  ;  "  and  under  the  brim  of  it 
round  about,  there  were  knops  cast  in  two  rows  when  it  was  cast"     It 
was  suj)ported  on  a  pedestal  which  rested  on  twelve  brazen  statues  of    J    ,  /^ 
oxen,  from  whose  mouth    the  liquid   is  supposed   to  hai-e  been  drawn.' 
This  splendid  vessel  was  removed  from  off  the  statues  by  Ahaz — "  he 
took  down  the  sea  from  off  the  brazen  oxen  that  were  under  it,  and  put  it 
upon  a  pavement  of  stones."     It  was  subsequently  carried  to  Babylon  by 
Nebuchadnezzar. 

When  Sylla  pillaged  the  temple  of  Delphi,  he  found  a  vase  of  silver  so 
large  and  heavy  that  no  ordinary  carriage  could  support  it.  He  therefore 
had  it  cut  up.  (Plutarch  in  Sylla.)  Herodotus,  i,  51,  in  enumerating  the 
gifts  of  Croesus  to  the  same  temple,  mentions  a  cistern  of  gold,  and  one 
of  silver  of  immense  dimensions,  (perhaps  the  same  taken  by  Sylla,)  also 
silver  caslcs  and  basins — that  these  had  cocks  is  certain,  for  he  observes 
that  a  statue  of  a  boy  was  attached  to  one  of  them,  and  the  water  was 
discharged  through  one  t>fhis  hands.  This  shows  how  variegated  were  the 
figures  and  orifices  of  ancient  cocks.  The  Japanese  indulge  a  similar  tnsto, 
and  have  doubtless  inherited  it  from  their  remote  progenitors.  Some 
of  their  bronze  idols  are  made  to  serve  as  fmintains,  and  the  water  issues 
from  the  fingers  of  some,  while  others  hold  a  vase  from  which  it  flows,  as 
in  the  Greek  and  Roman  designs  of  Oceanus  and  Neptune.  The  Dutch 
on  first  visiting  the  Japanese  found  the  baths  of  these  people  supplied 
with  cold  and  warm  water  by  means  of  pipes  "  and  copper  cocks." — 
(Montanus'  Japan,  translated  by  Ogilby,  pp.  94,  279,  449,  and  Thunberg's 
Travels,  iii,  102.) 

Bronze  or  brass  cocks  were  as  common  in  old  Rome  and  probably  other 
ancient  cities,  as  they  are  in  any  modern  one.  The  immense  nnmber  of 
oipes  that  conveyed  water  to  the  houses,  baths,  fountains,  &c.  must  have 
kept  a  great  number  of  founders  constantly  at  work  in  making  and  re- 
pairing them.  We  learn  from  Vitruvius  that  every  main  pipe  that  passed 
through  the  streets,  had  a  large  cock,  by  which  the  water  was  let  in  or 
excluded,  and  that  these  cocks  were  turned  as  similar  ones  now  are,  with 
an  in>n  key.  Several  specimens  of  ancient  cocks  are  extant.  Among 
ihete,  a  very  large  one  discovered  in  the  ruins  of  a  temple  built  l>v 
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Tib«'nus  at  Cnpri,  and  y>reserveil  in  tlie  Museum  at  Naples^  is  not  lh« 
Jcaal  interesting.     No.  273   is  a   figure  of  it.     Th*-  plug  has  berome  hy 

lime  immoveaKIe.  and  having  \teen  shut 
when  In.st  used,  the  water  within  it  ii 
still  confined.  This  is  made  evident, 
for  when  two  men  raise  the  cock,  the 
splashing  sound  of  the  fluid  is  distinctly 
heard. 

Tliis  cock  was  {bund  attached  to  a 
reservoir,  hut  in  what  matiner  it  was  con- 
nected we  know  not — by  snider  !  screws? 
— particulars  that  cannot  be  determined 
by  the  sketch.  Had  we  an  opportunity 
.jf  examining  it  we  would  endeavor  to 
ascertain  its  weight,  dimensions,  &c. — whether  the  suhstanre  oflhe  plug  and 
chain))er  are  the  same,  and  if  the  former  is  secured  in  the  latter  liy  slightly 
riveting  its  lower  edge,  as  in  our  small  cocks,  or  by  a  washer  and  screw 
as  in  large  ones. 

The  mode  of  forming  the  hanrlfe,  or  that  part  by  which  the  plug  is 
turned,  in  a  separulo  piece  from  the  latter,  is  deci<le<lly  superior  to  tlie 
common  prnctire  of  casting  both  in  one  piece.  It  is  a  common  occurrence 
to  throw  aside  a  cock  aruf  replace  it  with  a  new  one,  simplv  because  this 
part  has  been  broken  from  the  plug,  and  can  only  be  remedied  by  replacing 
the  latter  with  it.  Now  this  would  never  occur  if  cocks  were  made  like 
this  ancient  one,  for  the  part  alluded  to  might  be  renewed  with  the  same 
facility  as  the  key  of  a  door  or  the  handle  of  a  hammer.  T!;a  mode  of  , 
attaching  this  part  to  the  plug  by  sliding  it  Initween  two  doee-taRtd  graora,  M 
is  ingenious,  smiple,  and  very  efleriive.  V 

In  a  great  portion  of  modern  cocks  the  area  of  the  opening  through  the 
plug  seldom  exeecds  one  half  of  that  through  the  chamber  ;  but  in  the 
above  one,  the  chamber  is  sufHciuntly  large  to  allow  a  uniform  passage- 
way throughout. 

The  modern  name  of  these  instruments  is  supposed  to  have  arisen  from 
their  having  been  made  in  tlie  form  of  the  male  of  the  domestic  fowl ; 
hence  weather-cock,  the  cock  of  a  gun.  Sec. 

The  luxury  of  the  Romans  under  the  empire  led  them  to  tnonstrou* 
excesses,  particularly  with  rejjard  to  baths  ;  the  water  to  supply  which 
was  often  conveyed  through  pipes  of  pure  nilrrr,  and  of  course  through 
eoc^ji  of  the  same.  Seneca,  in  a  letter  to  Lucilius,  describing  the  humble 
villti  of  the  great  Scipio,  deplores  this  degenerncv  of  his  countrymen.  "  I 
write  to  you  [he  says]  from  the  villa  of  Sripio  Africanus,  where  I  at  present 
am,  and  hnve  worshipped  his  manes  and  his  altars ...  I  surveyed  this  villa, 
whicli  ia  built  with  square  stone  and  surrounded  with  a  wall.  I  viewed 
tlie  grooves  and  towers  planted  and  erected  on  each  side  :  a  cnpaciotu 
cistern  and  basin  for  water  is  lielow  the  house  and  gardens,  large  enousrh 
to  supply  a  whole  army  ;  next  a  small  biitli,  and  that  something  duskv. 
It  was  a  sensible  pleasure  to  compare  the  manners  of  Scipio  with  ours. 
In  this  little  hole,  this  corner,  did  that  terror  of  Carthage,  to  whom  alone 
Rome  owed  her  not  being  taken  a  second  time,  wash  and  refresh  himself 
after  beiii<;  tired  with  his  country  toils  ;  for  he  used  the  country  exercise* 
and  ploughed  his  ground  himself,  ns  tl'e  ancients  were  wont  to  do.  Be» 
neath  (liia  Immble  roof  he  stood,  and  this  plain  unartful  floor  siipported 
him.  Who  now,  in  our  days,  would  endure  so  mean  a  bath  ?  Kverv  man  ^ 
now  thinks  himself  poor  if  the  walls  of  his  bath  shine  not  with  large  orb«  H 
of  precious  stones — unless  the  Alexandrian  marble  be  embossed,  crusted   ~ 
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over  n-nd  variej  with  Numidiaii  bordering* — unless  they  are  covered  with 
Mosaic — if  the  vaulted  roof  he  not  of  glass — unless  tiiC  Tluisian  stone, 
formerly  so  rare  and  only  to  l>e  found  in  gome  particular  temple  or  public 
building,  line  the  cistern,  into  wliich  he  descends  ufler  sweating,  wuliout 
•ou!  or  life,  if  the  water  pouri  not  on  liim  from  silrer  camluttii.  I  speak 
now  only  of  tlie  pi|ies  and  baths  of  the  vulgar  ;  but  what  shall  I  sny  when 
I  come  to  ihiise  of  the  freed-men  1  How  many  statues  I  How  many  row» 
of  pillars  supporting  no  weight,  but  placed  there  merely  for  the  sake  of 
rx[>en»e  and  ornament !"  &c.  &c. 

Jfo.  27 1  is  another  ancient  cock 
from  the  third  volume  of  Montfau* 
con's  Anliquiiies.  It  will  ser^-e  aa 
a  specimen  nf  the  richness  and  va- 
riety of  ornament  with  which  these 
instruments  were  sometimes  deco- 
rated. 'Ihe  Rgure  standing  on  the 
head  of  a  doipliin,  and  which  form- 
ed the  handle  by  which  the  cock 
was  opened  and  closed,  is  supposed 
to  have  represenled  the  Gi'iiius  of 
the  garden,  in  wliich  the  fountain 
M'as  placed.  Another  highly  orna- 
mented cock,  or  rather  part  of  one, 
is  also  engraved  in  the  same  work; 
but  as  it  appears  to  be  merely  that 
part  by  which  the  plug  was  turned, 
11  is  omitted.  There  arc  several 
bronze  jei  pipes  liir  fountains  ex- 
tant, and  in  great  variety  of  shapes. 
They  were  sometimes  plated  with 
gold,  as  appears  from  traces  of  it 
left  on  some  of  them. 

Much  additional  information  re- 
Bpecli  ng  the  use  of  cocks  among  the 
Romans  has  V>een  obtained  from  the  ruins  of  Hercnlaneum  and  Pompeii. 
Several  have  lieen  found  in  the  houses  and  baths.  Some  were  Bll.Tche<l  to 
pipes.  fiKinlains,  and  to  Iwiilers  on  iiirgo  innvenlilc  tripods,  or  braziers,  and 
also  to  urns  or  vases,  similar  to  our  tea  and  coffi-e  urns.  Most  of  them 
■ro  oniainented  with  lions'  heads,  izr.  In  one  braiier,  the  cock  is  tpiite 
nUiii,  and  resembles  those  which  are  kn'>«  n  to  plumbers  as  tinp-rorki. 
in  some  of  the  braziers,  the  grate  burs  are  liolliiw,  that  the  wnler  might 
circiduie  through  them,  and  the  cocks  are  in.«erted  just  above  the  bottom 
of  the  lioiler<,  that  a  little  water  might  always  be  retained  to  prevent  the 
fire  from  ileslroyiiig  thetn. 

In  the  baths  of  ClatiJius  the  water  ran  through  pipfs  nfiUrcr.  At  ]<t 
nuviutn,  ill  tlie  ruins  of  a  villa  of  Anfonintrs  Piva,  a  9ii.vt;R  cock  was  found 
which  served  for  a  fountain.  It  weighed  thirty-five  Roman  pounds,  and 
^•as  inscribed  "  Faustiiiee  Nostra;." — (Encyc.  Antiq.  vol.  i,  466  )  I  was 
nbown.  sny9  Bret,\l.  in  his  "  Remarks  on  Europe."  several  curious  frag- 
ments that  liiul  been  dug  out  of  the  gardens  of  Nlwcenas.  Among  these, 
were  some  huge  leaden  y>ipes  that  conveyed  the  water  from  the  Claudian 
aqueducts  into  a  subterraneous  bnthing-room.  The  magiiifirence  of  the 
place  must  have  been  suitable,  no  doubt,  to  the  immense  wealth  and  deli- 
cacy of  a  Roman  of  his  rank  ;  especially,  if  what  1  was  assured  was  (Im 
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fined  10  sii.ie  iiver  C  D.  T'r:uf,  to  allow  water  to  p^sj  into  D.  all  ti'a:  ii 
reuuirej  is  to  raove  E  (by  the  t\v-.i  projecting  handles)  till  both  scries  .! 
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opening's  are  inclosed  by  it ;  while  to  stop  the  flow  through  D,  E  must 
be  moved  back  towards  C  as  in  the  figure.  The  upper  figure  in  the  cut 
it  another  form  of  the  same  thing.  The  sliding  tube  H  is  the  smallest, 
and  has  one  end  closed  like  Nos.  275  and  276,  while  F  and  G  are  sepa- 
rate pieces.  Its  action  will  be  sufficiently  obvious  from  the  preceding 
remarks.  • 


No.  215. 


No.  376. 


No.  377. 


Large  cocks  on  this  principle  may  be  made  for  half  the  cost  of  ordinary 
ones,  while  the  expense  of  keeping  them  in  order  is  loo  trifling  to  ta 
noticed^-occasionally  to  renew  the  packing  is  all  that  could  be  required. 

Water-ClosfU  have  licen  greatly  improved  by  modern  artists,  but  they 
are  an  ancient  and  probably  Asiatic  device.  The  summer  chamber  of 
Eglon,  king  of  Moab,  (Judges,  ill,  20-25)  is  supposed  to  have  been  one. 
They  were  introduced  into  Rome  during  the  republic,  and  are  noticed  by 
several  ancient  writers.  Those  constructed  in  the  palace  of  the  CcRsars 
were  adorned  with  marbles,  arabesque  and  mosaics.  At  the  back  of  one 
still  extant,  there  is  a  cistern,  the  water  of  which  is  distributed  by  cocks 
to  different  seats.  The  pipe  and  basin  of  another  has  been  discovered 
near  the  theatre  at  Pompeii,  where  it  still  remains.  Heliogabalus  ccm< 
cealed  himself  in  one,  and  whence  he  was  dragged  by  his  solci'iers  and 
slain 

Water-closets  seem  to  have  l)een  always  used  in  the  East,  and  for  rca 
s'jos  which  Tavemier  and  other  oriental  travelers  have  assigned.  Numbers 
are  erected  near  the  mosques  and  temples.  A  similar  custom  prevailed  in 
old  Rome,  Constantinople,  Smyrna,  and  probably  al!  ancient  cities.  In 
the  city  of  Fez,  "  round  about  the  mosques,  are  150  common  houses  of 
ease,  each  furnished  with  a  cock  and  marble  cistern,  which  scoureth  and 
keepeth  all  neat  and  clean,  as  if  these  places  were  intended  for  some 
sweeter  employment." — (Ogilby's  Africa,  1670,  p.  88.)  In  his  "  Relation 
of  the  Seraglio,"  Tavernier  describes  a  gallery,  in  which  were  several 
water-closets.  "Every  seat  [he  observes]  has  a  little  cock."  He  mentions 
others,  in  which  the  openings  were  covered  by  a  plate,  which  by  means 
of  a  spring  "  turned  one  way  or  the  other  at  the  falling  of  the  least  weight 
upo.n  it." 

Sir  John  Harrington  is  said  to  have  introduced  water-closets  into  Eng- 
land in  Elizalieth's  reign,  and  some  writers  have  erroneously  ascribed 
their  invention  to  him.  They  are  descril»ed  in  the  great  French  work  on 
Ariv  and  Manufactures,  by  M.  Roubo,  who  says,  they  were  long  used  in 
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Prance  berorc  Wmg  known  in  England.  Thoie  wliirh  he  Tina  (iguned  v» 
however  on  the  ancient  pUn,  wrtliout  traps,  nnJ  such  are  still  to  be  found 
in  oricnliil  cilies.  Tbev  are  not  to  b--  compurfd  willi  the  modern  ooe*. 
(Spe  r^'Arl  dii  Mpnuisicr,  folio  edit.  1770,  Pi.  09  ;  Geil's  Po.npenna;  A 
Disise  rial  ion  on  Plixces  of  lletirement.  Lend.  1751  ;  Fr^'er's  fraveU  in 
India  and  Persia,  Lond.  1693.) 

Uevrces  for  preventing  the  ascent  of  offensive  vapors  from  sinktf,  siewers, 
drains,  &c.  are  named  trapi.  As  these  are  simple  in  construction,  and 
applinilile  under  all  cimitnstances,  and  yet  are  little  known,  we  hme 
iiiscrii'd  n  skcti-li  of  a  fi-w  of  the  moat  common.  They  are  all  modifica- 
lions  of  (lie  same  principle. 


NikSra. 


Na.ST9. 


No.  aw. 


N<>,»L 


A  A  represent  a  floor  or  covering  of  a  sink  or  sewer,  and  the  object  it 
to  di.ocharge  refuse  water  or  slops  of  any  kind  into  the  latter  wiihrat 
allowing  currents  of  air  to  rise  through  the  passage.  No.  273  is  a  leaden 
pipe  bent  at  one  part  into  the  form  of  a  Idler  S,  which  i>art  constimtes 
the  trap.  One  extremity  enters  tlic  sink,  and  to  the  other,  which  is  turned 
up  per|jendicularly,  the  basin  of  a  walcr-closet.  or  a  common  funnel  is 
attached.  The  flexures  of  the  tube  must  l>c  such,  that  whatever  liquid  is 
thrown  down  the  basin,  a  portion  will  aiways  remain  in  the  bent  part 
below  so  (u  (-0  sea!  the  mufii"-  rnmt'lefeh/,  as  shown  in  the  cut.  The  basin 
and  trnp  may  be  placed  in  a  room  at  any  distance  above  llie  sink  or  sewer, 
provided  b:)ih  are  connected  by  an  air-tight  tube. 

No.  279  is  i.Rinpd  a  D  trap,  from  its  resemblance  to  that  letter.  It  la 
of  the  kind  g"»nernlly  used  in  water-closets,  for  which  purpose  it  is  aUvavs 
made  of  lead,  and  about  twelve  inches  long,  five  wide,  and  ten  or  eleven 
deep.  The  pipe  that  enters  the  sink  is  soldered  to  one  end  and  near  the 
top.  The  other  one  to  which  the  basin  is  attached  descends  six  or  seven 
inches  through  the  lop  at  the  opposite  extremity  of  the  trap.  By  this 
arrangement  water  is  retained  within  to  a  level  with  llio  lower  ed^c  of  the 
pipe  ttiat  enters  the  sink,  while  the  perpendicular  pipe  dips  between  one 
and  two  inches  below  the  surface.  Hence  although  impure  air  in  the  sink 
can  readily  ascend  into  the  trap,  it  cannot  enter  the  tube  on  which  the 
basin  is  placed  ;  for  to  do  so,  it  would  have  to  descend  through  two  inche< 
of  the  water  to  lench  the  orifice  of  the  tube  ;  and  then 'to  ascend  ihrougil 
an  equal  column  wiihin  the  latter  before  it  could  rise  into  the  basin. 

No.  280  is  a  lisrm  of  trap  used  over  the  openings  of  street  sewere,  for 
V/hich  purpose  they  are  commonly  constructed  of  stone  or  brick  and  liru'd 
w!th  cement.  The  figure  is  that  of  a  square  box  open  at  lop.  A  pipe  il 
inserled  through  the  bottom  at  one  side  to  connect  it  with  the  sewer,  Fhil 
pipe  stands  about  halfway  up  the  inside  of  the  box,  nnd  above  it  there  U 
a  bent  rectangular  partition  ntlncbed  at  three  of  its  sides  to  the  box.  whi!« 
tke  fourlli  side  extends  into  the  middle  and  dips  two  inches  beluw  tbe 
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oriGce  of  die  pipe,  and  consequently  that  depth  in  water,  thus  cutting  off 
all  external  communication  with  the  air  in  the  sewer.  A  loose  grate  lita 
into  a  recess  on  the  edge  of  the  box,  and  is  occasionally  removed  to  take 
out  the  dirt  that  passes  the  grate.  Small  traps  of  the  kind,  and  made  of 
cut  iron,  are  sometimes  used  in  the  drains  of  private  houses. 

No.  281  is  named  a  bell  trap  from  its  figure.  Such  are  generally  of 
small  dimensions,  and  are  mostly  used  in  kitchens,  over  the  channels  or 
tubes  through  which  refuse  fluids  are  discharged  into  sinks  or  drains.  The 
end  of  the  pipe  projects  two  or  three  inches  into  the  trap,  consequently  a 
quantity  of  water  must  always  remain  within  at  the  same  elevation.  Over 
the  pipe  a  bell  or  inverted  cup  dips  about  half  an  inch  into  the  water,  and 
is  of  such  a  size  as  to  leave  sutficient  room  for  the  fluid  to  descend  between 
it  and  the  sides  of  the  trap,  and  also  to  pass  under  its  edge  and  rise  into 
the  pipe,  and  so  escapp  into  the  drain.  The  cup  or  bell  is  connected  to  a 
brass  grate  that  drops  into  a  recess  cast  round  the  inner  edge  of  the  trap. 

The  oiigin  of  traps  is,  we  believe,  unknown.  The  principle  is  precisely 
the  same  as  :n  the  water-lute  uf  old  chemists.  Glauber  used  contrivances 
identical  with  Nos.  27S  and  281,  instead  of  cocks  to  close  retorts,  &;c.  In- 
(tead  of  water  he  sometimes  used  mercury,  when  the  contents  were  of  a 
oorrosive  nature. 
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Joka  B*w— nodoit-  .Well  wonhlp— Walli  with  lUin— Toann^iochc— Hiiiiiif  nitr  by  ■  wtnm- 
P«ipeu>l  moiiou— Chiin  pampi  is  ahiiw— Spriaklinf  pou— Old  frktionleaa  pup— Water  powa^- 
Vvicta't   trip-hAmmara—Eolipiln— Blow-pipe— PhifcMDpliieml  bcllawi— Cbarfinf  raiipilw— EoUpill* 
idoli  nfetred  to  in  the  BilMe — Faliediaa— Lebu'i  iaefee— Ezptuive  Are*  of  iteem    Hrmm  ud  air 
WiAd-millA — ImprieoniBf  cluin. 

Some  facts  and  observations  having  occurred  to  us  during  the  progrcsi 
of  this  work  which  could  not  be  inserted  in  their  proper  places,  a  fbw  are 
added  by  way  of  appendix.  While  engaged  on  the  last  chapter,  a  large 
collection  of  old  books  was  imported  into  this  city  from  Europe,  in  which 
we  fortunately  found  a  perfect  copy  of  "  Nature  and  Art,"  mentioned 
at  pp.  821,  421.  From  the  title,  which  is  annexed,  it  will  be  seen  that 
our  conjectures  respecting  its  author  and  date  of  publication  were  correct. 
"  The  Mysteries  of  Nature  and  Art  in  foure  severall  parts.  The  first  of 
water-works ;  the  second  of  fire-works  :  the  third  of  drawing,  washing, 
limning,  painting  and  engraving  :  the  fourth  of  sundry  experiments.  The 
tecond  edition,  with  many  additions  unto  every  part  By  John  Bate, 
Lond.  1635." 

At  page  19,  we  quoted  an  example  of  frugality  in  Dentatus  cooking  his 
simple  food  while  he  swayed  the  destinies  of  Rome.  There  is  a  parallel 
case  in  one  of  the  most  virtuous  of  the  Greeks,  viz.  Phocion.  Alexander 
esteemed  him,  but  could  never  induce  him  to  accept  of  gifts,  although  he 
was  always  poor.  At  one  time  the  Macedonian  warrior  sent  him  out  of 
Asia  a  hundred  talents  as  a  mark  of  his  regard  ;  but  when  the  envoys 
arrived  with  the  treasure  at  Athens,  Phocion  was  inflexible— he  would 
not  touch  it.  They  then  followed  him  to  his  house,  and  were  astonished 
beyond  measure  to  find  the  wife  of  this  truly  great  man  making  bread,  and 
himself  draroing  loater. 

Worship  of  Wells,  pp.  33-37.  "  The  worship  of  this  well  of  St.  Edward 
was  particularly  forbid  by  Oliver  Sutton,  bishop  of  Lincoln,  in  the  time 
of  Edward  I.  This  well  worship  is  strictly  forbidden  in  King  Edgar's 
canons,  and  K.  Cnute's  laws,  as  'twas  in  a  council  at  London  under 
Archbishop  Anselm,  in  the  year  11012;  and  some  of  our  best  criticks 
observe  that  what  is  translated  u^Z-worship  in  Colossians,  ii,  23,  should 
be  tcf/i-worship." — Hearne's  Preface  to  Robert  of  Gloucester's  Chronicle.) 

Wdls  with  Stairs,  p.  63.  An  extraordinary  well  of  this  kind  was  built 
by  Pope  Clement  VII.  in  1528. — (See  Lond.  Mechanics'  Mag.  vol.  ii,  208.) 

ToumC'broche,  p.  75.  In  the  33d  year  of  Henry  VI.  A.  D.  1454,  an 
ordinance  was  established  for  reducing  the  expenses  of  the  king's  house* 
hold.  Instead  of  a  larger  number,  only  "  vj  children  of  ye  kechyn  tourne- 
broches"  were  appointed,  i.  e.  to  turn  the  spits. — (Proceedings  and  Ordi- 
nances of  the  Pnvy  Council  of  England,  edited  by  Nichols,  vol.  vi,  229.) 
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Raiting  Watrr  through  a  Screw,  p.  140.  Some  persons  deceived  by 
the  apparent  facility  of  working  a  water  screw,  especially  when  its  jour 
nals  are  delicately  fitted  to  their  bearings  and  they  turn  with  little  friction, 
•magine  that  it  I  ot  only  elevates  the  liquid  with  a  less  expense  of  force 
than  any  other  r)  acliine,  but  with  less  than  is  due  to  the  quantity  raised  ; 
hence  it  has  often  been  adopted  in  projects  for  the  perpetual  motion.  When 
arranged  so  as  tc  be  turned  by  an  ovenhot  uherl,  it  constitutes  one  half  of 
the  first  attempts  at  a  solution  of  that  impossible  problem,  under  ths  im- 
preMMon  that  it  would  raise  and  discharge  upon  the  wheel  all  the  water 
''xpendeJ  in  moving  it !  The  inclined  position  of  a  water-screw  is  sup- 
posed to  contribute  to  this  imaginary  result,  for,  say  these  reasoners,  the 
water  then  arrives  at  the  top  by  naturally  flowing  along  each  convolution, 
while  the  force  consumed  is  little  if  any  more  than  would  be  required  to 
turn  the  tube  if  empty  ! — the  fluid  being  thus  raised  in  a  difltsrent  manner 
and  with  much  less  force,  than  when  lifted  directly  and  perpendicularly 
by  the  piston  of  an  atmospheric  pump,  or  driven  up  by  that  of  a  forcing 
one ! 

In  these  projects,  the  action  of  the  wheel  depends  of  course  as  much 
upon  the  screw,  as  that  of  the  latter  does  upon  the  wheel ;  in  other  words, 
each  is  designed  to  turn  thii  other  :  but  the  very  idea  of  two  machines 
reciprocally  moving  each  other  at  the  same  time  is  palpably  absurd.  The 
two  forces  will  either  be  ecjaal  or  unequal.  If  they  are  alike  both  would 
be  in  equilibrio,  and  the  machines  would  remain  at  rest ;  and  if  at  any 
time  one  force  exceeded  tiie  other,  the  same  result  would  necessarily  take 
place,  for  the  smaller  could  not  then  overcome  the  greater.  If  the  wheel 
could  transmit  its  entire  force  to  the  screw,  (undiminished  by  resistance 
from  the  air,  the  friction  of  its  bearings  and  that  of  the  intermediate  me- 
chanism,) it  would  still  be  impossible  for  the  latter  to  return  it,  because  to 
do  so  a  greater  force  than  that  derived  from  the  wheel  would  be  required  ; 
a  machine  cannot  be  moved  and  at  the  same  time  move  its  mover. 
When  moved,  its  force  is  less  than  that  by  which  it  is  moved  ;  and  if  it 
becomes  the  mover,  its  force  must  exceed  that  of  the  machine  to  which  it 
imparts  motion. 

The  effect  of  any  machinery  composed  of  levers,  cranks,  wheels,  &c. 
and  moved  by  water,  animals,  or  men,  can  never  exceed  the  power  that 
moves  it  for  there  is  nothing  in  wood,  iron  and  brass,  or  in  any  combina- 
tion of  them,  by  which  they  can  create  fnrce,  or,  what  is  the  same  thing, 
give  out  more  than  is  imparted  to  them.  As  well  might  we  expect  to  see 
8  oar.-iage  returning  of  itself  from  a  long  journey,  and  laden  with  the  horses 
t/iat  drew  it  from  home. 

A'^ilkins  has  given  a  chapter  in  his  Mathematical  Magic  on  "  coroposini; 
a  ■aer.ietual  motion  by  fluid  weights."  His  prominent  plan  was  raising 
water  by  a  screw,  and  discharpjitig  it  on  float  boards  attached  to  the  screw 
itse'f.  He  quotes  older  authors  who  indulged  the  same  whim.  Visions 
of  great  mechanical  discoveries  often  burst  upon  the  ingenious  prelate,  as 
well  as  on  lay  inventors  :  in  such  seasons  he  was  in  ecstacies.  When  he 
iTst  thought  of  obtaining  power  by  means  of  a  water-screw,  he  says,  "  I 
could  scarce  forbear  with  Archimedes  to  cry  out,  JEurtka  !  Eureka  !  it 
seeming  so  infallible  a  way  for  the  effecting  of  a  perpetual  motion,  that 
nothing  co'.lj  be  so  much  as  probably  objected  against  it  :  but  upon  triai 
and  e:'pei"ence  T  find  it  altogether  insufficient  for  any  such  purpose." 

Jn  the  Gentle  ■.'.in's  Magazine  for  1747,  p.  459,  there  is  a  description 
and  figure  of  c  similar  device — either  water  or  balls  were  to  be  raised 
throuifh  a  screw  and  dropped  upon  an  overshot  wheel.  It  was  devised 
by  a  C  >1  Kranach  of  Hamburgh,  who,  in  a  pamphlet,  declared  he  hil 


4PrENDIZ. 


fifi7 


fiient  thirty  years  in  perfecting  it.  He  proposed  it  as  a  substitute  for  wind 
and  water-mills,  and  particularly  for  raising  water  and  ore  from  mines. 
In  the  same  work  foi  '751,  p.  448,  there  is  "  a  self-moving  wheel."  And 
at  p.  391,  "  a  self-moving  machine ;"  the  latter  \ty  a  Polish  Jesuit;  it  con- 
sisted of  a  wheel,  ro[>es,  pulleys,  a  pump,  weights,  &c.  and  of  course,  like 
Kranach's,  could  no  more  move  of  itself  than  a  lamp-post,  nor  increase 
any  force  imparted  to  it  than  could  a  collection  of  paving  stones. 

If  a  perpetual  motion  could  he  ohiaiiiod  by  a  water-wheel  and  screw 
as  above,  then  it  would  follow  that  a  liricklaycr's  laborer  could  convey  a 
hod  of  mortar  or  a  bucket  of  water  to  the  top  of  a  building  with  a  much 
less  expenditure  of  force  by  traveling  along  a  circular  stair-way,  than  by 
ascending  directly  up  a  lailder,  and  whether  he  carried  the  load  on  his 
shoulder  or  dragged  it  after  him  by  a  cord.  But  tlie  fact  is,  a  100  lb.  of 
water  cannot  by  any  contrivance  whatever  be  conveyed  to  the  top  of  a 
building  with  a  force  less  than  would  he  required  to  pull  up  the  same 
weight  of  stone  or  mortar  in  a  bucket :  it  can  no  more  bo  wheedled  out 
of  its  gravity  by  passing  it  up  an  inclined  plane  than  a  vertical  one— 
through  a  helical  tube  than  through  a  straight  one. 

Chain-Pumpn  in  Ship*,  p.  154.  John  Bute,  describing  a  chain-pump  in 
163.3,  says,  a  short  brass  chamber  smoothly  bored  was  inserted  in  tho 
lower  end.  The  pistons  were  fitted  to  this,  and  the  rest  of  the  pipe  was 
of  larger  bore.  The  chain  was  rS  iron  and  carried  round  by  a  sprocket 
wheel.  Each  piston  consisteil  of  a  disk  of  horn  between  two  of  leather. 
Such  a  pump,  he  observes,  "g-)eth  very  strongly,  and  therefore  had  need 
be  ma>le  with  wheels  and  wrought  by  horses,  for  so  the  water  is  brought 
up  at  Broken  Wharfe  in  London."  He  names  the  chain-pump  "  an  engin 
whereby  you  may  draw  water  out  of  a  deep  well,  or  mount  any  river 
wafer Also  it  is  used  in  great  ships,  which  I  have  seen." — (Mys- 
teries of  Nature  and  Art.) 

Atmospheric  Sprinkling  Pots,  p.  194.  When  Louis,  duke  of  Orleans 
and  Milan,  brother  of  Charles  VII.  was  murdered,  (A.  D.  1407,)  his 
\vi<Iow,  as  a  symbol  of  her  distress  and  an  indication  that  the  rest  of  her 
life  would  be  spent  in  tears,  adopted  the  chantepleure  or  garden  pot  as  an 
heraldic  device;  and  which,  with  the  Kiono,  plus  ne  m' est  riens,  she  had 
engraved  upon  almost  every  thing  in  her  house.  No.  2S2  is  a  fguro  of 
the  instrument.     (Devises  Heroiques,  par  M.  C.  Paradin,  A  Lyon,  l.'J57.) 

No.  2S3  is  apotlier  old  form 
of  the  atmospheric  sprinkler, 
from  a  Latin  Collection  of  Em- 
blems of  the  early  part  of  the 
17th  century.  Ihe  motto  on 
a  flying  scroll  was  Modo  Sjii- 
ritus  Ailsit.  Air  was  admitted 
through  a  small  opening  near 
tho  top,  which  was  closed  with 
the  point  of  the  finger. 

The  sixtli  and  seventh  pro- 
blems of  Heron's  Spiritalit  re- 
late to  these  instruments.  The 
two  figures  there  given  are  hol- 
low splieres ;  a  small  circle 
round  the  iottom  being'  p3rforated,  and  a  minute  orifice  near  a  ring  or 
hand.-i  on  ti.B  up.  In  one  iksro  is  a  partition,  so  that  two  diflerent  lit^uids 
could  ije  contai:;3d  within  :  and  wine,  or  hot  and  cold  water,  discharged 
W  oft#  or  the  other  of  the  orifices  at  the  top  was  uncovered. 


No.  ass. 
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or  irKnoMna  i 
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nd  Art.     It  i«  tdimtical  with  ttie  fire  i 


II.3SI.    N<KJ 
I  of  BMe'k 
referred 


•fiij  Alt.  It  i«  «s«m(ical  mth  Uie  tire  eegioe  rvfermj  to  m  «ar  OBnl  bMS, 
except  bein{^  pUceii  witkin  ma  open  frame  instesd  of  m  agtem  fis«»i  ip«« 
wkriflf.  P>7r  its  d^aciiption,  see  pp.  321—2.  (The  leatWni  bag  ■>■> 
aMiMCted  the  twu  bnss  reaaela  u  not  6gure«i  by  tlie  old  «niat.) 


N*.  Wi,    OU  fricttaMl'M  or  brl!a«a  paap.  A^  O.  lOJH 

IVn/*/-  Whtrh,  p.  882.  There  are  iniiicnhons  in  the  TliaJ  that  Vulean 
•■eJ  wator  power,  and  that  it  was  by  the  dpxtrous  cnncealment  of  it  and 
tlie  mechanism  by  which  it  was  transmitted  that  enabled  him  to  excite  in 
•o  Jrigh  a  degree  tlie  astonishment  of  hi.i  rontcmporaries,  and  to  give  rise 
to  thi>«e  wtiiiderful  stories  of  liis  skill  that  are  even  yet  extant.  WTicn 
engaged  at  the  anvil  Homer  represents  him,  like  a  modem  smith,  with  a 
•ingle  pair  of  ^>ellows.  Thus  Thetis  found  him  "  sweating  at  his  bellows 
huge  ;"  but  in  other  scenes,  he  is  exiiibited  rather  as  manager  of  extensive 
forges  for  the  rriluriion  of  metals ;  the  fires  being  urged  by  a  large  niim- 
W'r  of  bellows  m<nT»d  either  by  water  or  some  other  inorganic  force.  Like 
a  sii|icrintendent  of  modern  iron  of  copper  works,  ordering  the  bellows 
to  be  thrown  into  geer,  and  the  blasts  increased  or  diminished  as  circu'3- 
siances  require  :  so  Vulcan  "  turning  to  the  fires,  be  bade  the  bellowi 
heave ;"  then 

Full  twentr  bellnwri  wnrkinft  all  al  nnce, 
B-»alli*J  on  lite  furnace,  blowing  eaiy  and  frea. 

Of  Vulcan's  numerous  works  none  were  more  celebrated  -y  tne  ancieuti 
than  the  two  androhU  which  assisted  hiii:  tt  !he  anvil.  They  w?re  obvi- 
ously nothing  more  than  ingenious  devices  for  concealing  the  tnerhani^m 
by  which  motion  was  communicated  to  the  sledges  they  held  in  thrir 
hand*  : — in  other  words,  mere  trip  hammert,  and  worked  most  likeiy  by  t 
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Jislaut  wafer  wheel.  The  rods  'ir  levers  which  comm  m'.rated  the  motion 
M-ere  probably  concealed  under  ihc  Hnor,  and  terminated  at  the  feet  of  the 
figures,  while  Vulcan  could  easily  throw  them  in  ami  out  of  geer  unper- 
CMiived.  It  can  reaililv  be  ima^ned  what  the  efTect  of  two  well  executed 
working  imaees  of  this  kind  must  have  been  in  early  times. 

EMipiles  J'or  Fusing  MeUih,  p.  397.  The  surprising  effects  produced  in 
moili'rn  dav4  bv  steam  and  those  more  important  ones  which  it  is  destined 
hereafter  to  accomplish,  will  always  render  examples  of  its  early  employ- 
inent  in  the  arts  interesting.  The  use  of  eolipiies  as  bellows,  like  thai  of 
almnsphcrii  sprinklers  for  watering  pots,  has  long  been  discontinued,  and 
both  have  almost  passed  into  oblivion.  We  shall  therefore  offer  no  apology 
for  inserting  the  following  additional  illustrations  of  the  use  of  the  former  in 
hygone  times.  No.  28-5  is  a  steam  blow-pipe  from  the  2d  edit,  of  John 
Bale's  work.  His  description  forma  an  admirable  comment  on  Wilkins's 
observation,  (p.  390.)  ihat  eolipiies  were  used  in  melting  glass  and  metals. 
This  remark  of  the  bishop  has  been  quoted  by  several  writers,  but  not 
one  hiis.  to  our  knowledire,  endeavored  to  show  how  steam  was  thup 
applied,  although  every  mechanic  on  perusing  Wilkins's  book  would,  lik" 
ourselves,  feel  anxious  fur  information  on  the  su'nject. 
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Nn.  3IKL     Euliplte  Tor  Tuvln^  m'^lal*. 


The  first  figure  consists  of  a  lamp  and  a  copper  ball  or  eolipile,  placed 
on  and  healed  by  a  fnmnce  or  brazier.  The  apparatus  is  named  "  n  device 
to  bent]  glasse  Canes,  [tubes,]  or  to  make  any  small  work  in  glasse."  "Let 
there  l)e  a  vessel  of  copper  about  the  biffiiesse  of  a  common  foot-bnll  :  let 
it  have  a  long  pipe  at  the  Ion.  which  must  be  made  so  that  you  may  upon 
occasion  screw  on  lesser  or  bigger  vents  made  for  the  purpose.  Fill  this 
»ne  third  part  with  water,  and  set  it  over  a  furnace  of  coals,  as  B;  and 
whetr  the  water  beginneth  to  heat,  there  will  come  a  strong  breath  out  of 
ihe  nose  of  the  vessel  that  will  force  the  flame  of  a  lamp  placed  at  a  con- 
venient distance,  as  A  ;  if  you  hold  your  glasse  in  the  extension  of  the 
Bame,  it  will  melt  suddenly  ;  so  you  may  work  what  you  will  thereof." 
Bate  observes,  that  some  persons  instead  of  this  apparatus  used  a  pipe 
(the  common  mouth  pipe)  fastened  on  a  l)ench  between  a  crotched  stick, 
as  figured  at  C.  He  himself  occasionally  employed  this,  but  considered 
it  not  so  cop-'3nient  as  the  eolipile. — {Mysteries  of  Nature  and  Art,  Land. 
1635.) 

In  1650,  Dr.  J  oh, 1  French  published  "The  Art  of  Distillation,  or  a 
Treatise  on  the  Choisc-st  Spagyrical  Preparations  ....  with  descrijitioni 
of  the  chiefost  furnaces  and  vessels  used  by  ancient  and  modern  chemists.' 
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Of  old  devi^ei  three  eulipiles  are  figured  :  one  is  precisely  the  same  m 
above  described  by  Bate.  French  ol)Sorve3,  tliat  it  "  blows  a  candle  to 
make  the  flame  thereof  strong  for  the  melting  of  glasses  and  nipping  them 
up."  No.  286  is  another  for  fusing  metals.  A  large  eoli))ile  is  perma- 
nently connected  to  a  furnace,  the  blast  being  conveyed  through  a  brick 
wall.  The  following  is  all  that  he  says  respecting  it :  D  "  signifies  that 
which  blows  a  fire  for  the  melting  of  any  metall  or  such  like  operation, 
and  it  blows  most  forcibly  with  a  terrible  noise."  The  water  was  intro- 
duced through  an  opening  at  the  top.  E  is  a  portable  eoli|iile  lo  lie  held 
in  the  hand,  and  the  blast  applied  to  fixed  objects.  It  appears  from 
French,  and  also  from  Broker's  work  on  Metallurgy,  that  eolipiles  when 
used  for  blowing  fires  and  fusing  metals,  were  formerly  known  as  Tie 
Philatophiad  Belloics,  a  circumstance  that  renders  their  disappearance 
from  modern  writings  still  more  singular. 

Since  the  insertion  of  illustration  No.  183,  we  have  met  with  an  Eng 
lish  translalion  of  Ercker's  work,  by  Sir  John  Pettus,  "  of  the  Society  of 
the  Mines  Royal,"  under  Charles  11.  but  who  appears  to  have  denred 
little  wealth  from  mining  speculations,  since  he  rendered  Ercker's  book 
into  Englisli  while  confined  in  prison  for  debt.  Ttie  translalion  is  illus- 
trated with  fine  copperplate  engravings,  and  a  dictionary  of  technical  tonns 
is  subjoined.  Under  the  word  heVows,  Pettus  mentions  the  "  philosophical 
bellows  ;"  the  common  smith's  bellows,  and  very  large  ones  that  were 
worked  by  water-wheels,  and  which,  he  observes,  were  made  "  m  iitiila- 
»ion  of  the  nature  of  a  cow  beaxt,  which  in  drawing  in  and  forcing  out  her 
brenth,  is  said  to  bel/ow" — a  quaint  definition  of  bellows,  but  one  wiiith, 
we  believe,  gives  the  true  etymology  of  the  word.  Of  the  antiquity  of 
"  philosophical  belh)ws"  there  can  be  little  doubt.  They  were  probably 
used  by  the  fancy  glass-blowers  of  Egypt,  Greece  and  Rome,  as  well  as 
by  other  artists  in  the  reduction  of  metals.  The  transition  from  blowing 
ordinary  fires  with  eolipiles  to  such  operations  was  obvious  and  easy. 
Tfiero  is  a  passage  in  the  book  of  .loshua  which  seems  to  refer  to  the  early 
use  of  tliem.  In  one  of  the  contests  of  that  warrior  with  the  Canaanites,  it 
is  said  he  chased  them  to  "  Mizrephoth-maim" — a  word  signifyina;  "  l/um- 
ings  of  iraters"  and  "Jurnaccs  where  melah  are  mtlted."  A  place  that 
|iriilial)ly  derived  its  name  from  extensive  forges  that  were  tirged  by  blasts 
from  eolipiles. 

Charging  Eolipiles  by  Atmospheric  Pressure,  pp.  395,  407.  Dr.  French 
observes.  "  You  must  heat  them  very  hot,  then  put  the  noses  thereof 
(whicli  must  have  a  very  small  hole  in  them,  no  bigger  than  a  pin's  head 
rnay  -jo  in)  into  a  vessel  of  cold  water,  and  they  will  presently  suck  in  the 
water."  Roman  eolipiles  were  charged  in  the  same  way,  as  is  clear  from 
their  description  by  Vitruvius,  for  they  had  but  one  opening,  through  which, 
he  .says,  they  were  filled  with  water,  and  out  of  which  the  blast  issued. 

EolijiUic  Fire- B/oicers  and  Idols,  pp.  .39S-400.  In  addition  to  those 
passag;<'s  of  Scripture  which  \vc  have  supposed  alluded  to  eolipiles,  a  few 
others  may  l)e  named.  The  sacred  writers,  it  is  well  known,  often  con- 
trast the  power  an  1  other  attributes  of  God  with  the  impotency  of  idols: 
to  adapt  their  instructions  to  Idolaters,  they  represent  the  Almighty  as 
excited  with  anger,  wrath,  fury,  ice.  apparently  in  reference  to  such 
passions  being  exhilrited  (as  we  know  they  were)  by  idols,  and  particu- 
larly eolipilic  idols.  Why  should  God  be  represented  as  blasting  or 
consuming  men  with  streams  of  fire  fror.i  his  movth,  £.r.U  with  smoke  from 
his  nostrih  ?  kindling  coals  by  his  Irrealh  ?  Why  is  his  anger  said  to  smoke, 
to  hum,  to  wax  hot,  &c.  if  it  be  not  in  reference  to  such  idols  as  Pus- 
tevich,  or  those  images  described  by  Carpinil  "  By  the  blast  of  God,"'  savi 
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*«»b,  "  the  wicked  perish,  and  by  the  breath  of  his  nostrils  are  they  con- 
famed,"  i.  e.  813  fuel  on  the  hearth  is  consumed  by  the  blast  of  an  eulmile. 
The  Psalmist,  describing  God,  says,  "  there  went  up  a  smoke  out  of  liia 
nostrils,  and  fire  out  of  his  mouth  ;  coals  were  kindled  by  it."  "  Behold 
[says  Isaiah]  the  name  of  the  Lord  cometh  from  far  burning  with  his 
anger,  [or  the  grievousness  of  fiume  as  the  margin  has  it,]  his  lips  are  full 
of  indignation,  and  his  tongue  as  a  devouring  fire ;  and  his  breath  as  an 
overflowing  stream  shall  reach  to  the  midst  of  the  neck."  Again,  "  To- 
phet  is  ordained  of  old,  yea  for  the  king  it  is  prepared  :  he  hath  made  it 
deep  and  large :  the  pile  tliereof  is  fire  and  much  wood,  the  breath  of  the 
Lord  like  a  stream  ol  brimstone  doth  kindle  it." 

It  appears  to  us  that  here  and  ia  similar  passages  are  allusions  to  eoli- 
piles  of  the  human  form,  and  to  such  images  as  Pusterich,  from  whose 
eyes,  mouths  and  nostrils  issued  streams  of  flame,  smoke,  steam,  &c. 
Perhaps  it  will  be  said  the  expressions  are  figtirative :  true  lliey  are  so  ; 
but  then  there  is  in  them  an  allusion  to  the  things  from  which  the  figures 
are  derived.  When  God  is  said  to  melt  his  people,  to  refine,  to  take  away 
the  droit  from  them,  every  one  perceives  the  allusions  to  metallurgical 
operations,  because  such  opcrulioiis  are  known  to  all ;  and  equally  clear 
would  the  passages  quoted  above  appear  had  eolipilic  blowers  and  idols 
continued  in  use  to  our  times.  We  should  then  have  perceived  that  such 
expressions  as  the  sioord  uf  his  mouth,  sicorJs  of  fire,  fiaming  sworJ,s,  &c. 
were  neither  of  figurative  origin  nor  application  only  ;  for  from  the  variety 
of  eolipilic  images,  there  is  little  doubt  that  inflammable  fluids  were  made 
to  issue  from  different  parts  of  them,  and  in  various  shapes — from  their 
mouths  as  ttmgues  of  fire,  and  from  the  hiiiuls  us  fiaming  siconh.  Sec.  We 
know  t!i9.t  ancient  priests  were  exceedingly  expert  in  working  prodigies 
by  inflammable  fluids,  of  which  numerous  examples  might  be  quoted. 
When  Octavius  was  in  Thrace,  he  consulted  the  oracle  of  Bacchus,  and 
the  ministers  of  the  temple  finding  it  their  interest  to  gratify  him,  con- 
trived that  when  the  wine  w^as  poured  on  the  altar,  a  body  of  flame  should 
burst  out  and  ascend  above  the  roof  of  the  fem(»le ;  a  portent,  observes  Sue- 
tonius, "  that  had  never  happened  to  any  but  Alexander  the  Great,  when 
he  was  sacrificing  at  the  same  altar."  They  could,  of  course,  as  easily  have 
made  the  flame  dart  from  the  mouth  and  eyes  of  an  idol  as  from  the  altar, 
•  their  views  had  so  required  it. 

But  if  it  should  be  contended  that  the  passages  quoted,  rather  gave  rise    .!      • 
til  idols  like  Pusterich,  i.  e.  were  hints   which  heathen  priests  worked   /.''''v'Vi 
iVom  in  order  to  produce  or  imitate  the  same  effects,  it  will  not  affect  the  ' ,' 

inference  we  wish  to  draw  from  them,  viz.  the  antiquity  of  steam  and  vapor      .  / 
images.     In  connection  with  this  subject,  ;t  may  be  observed,  that  the     .•    '  '  , 
famous  Palladium  of  Troy  was  probably  an  eolipTlic  idol,  in  which  inflam- 
mable fluids  were  used  ;  for  on  certain  occasions  fiashes  of  fire  darted 
from  its  ryes,  as  from  the  mouth  and  forehead  of  I'usterich. 

If  biblical  critics  would  pardon  our  temerity,  we  would  also  suggest 
that  the  Lares  or  images  which  Rachel  stole  from  iier  father's  dwelling 
were,  like  the  small  Gaxoi.  idol,  (p.  398,)  and  those  referred  to  in  Isaiah, 
(p.  400)  eclinilic  fiie  blowers.  They  have  exceedingly  perpjexed  com- 
mentators, who  after  suggesting  numerous  explanations,  gencfally  conclude 
by  observing  that  their  nature  and  uses  are  unknown  ;  but  had  these 
writers  called  to  mind  the  ancient  employment  on  the  domestic  hearth 
of  brazen  eolipiles  of  the  human  form,  they  would  have  perceived  that  the 
name  of  Labau's  images  gave  an  indicjition  of  what  they  were.  In  all 
incicnt  languages  proper  names  were  invariably  expressive  c  f  some  pro- 
minent feature,  attribute,  or  design  of  the  objects  named  :  so  o^*  thnsa 
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tm«pr»— iJiey  were  nanieJ  "  leraphim,"  a  word  signifying  "Uou^-n,'"  fmn 
leraph,  "  to  Utne.''     So  also  the  colipilic  idol  Puttcrich  wai  named  Irufl, 
pU4lfH,  "  Jto  blow."     (See  p.  399.)     £u)i  piles,  like  the  Larrn,  were  loc 
on  the  hearth,  and  as  they  were  avowedly  made  and  narr  -d  after  a  god,' 

iEiilus,)  and  were  designed  to  imitate  him  in  producing  blasts  of  wind, 
Varro  mokes  the  lares  gods  of  the  air,)  it  was  natural  enougb  to  adopt 
them  as  household  deities.  Rachel  was  evidcntJy  an  inielligenl  and  very 
shrewd  woman  ;  and  as  we  have  no  reason  to  suppose  she  was  an  idolater 
after  having  lived  twenty  years  in  the  same  house  with  Jacob,  (if  indeed 
she  ever  was,)  it  is  not  at  all  likely  that  she  coveted  the  images  as  iJoU, 
but  only  as  domc'tic  utensils  of  reiil  utility — utensils  which  she  had  long 
been  in  the  habit  of  using,  and  such  as  were  highly  desirable  in  setdng  up 
housekeeping  ft)r  herself. 

Expaiuice  Forre  of  Steam,  p.  409.  The  Stoics,  says  Plutarch,  attri- 
buted cartlLjuokes  to  n(|iiooii3  vapor  generated  within  the  earth  \>y  subter- 
ratiean  heat.  (0()in.  Philos.)  No  stronger  proof  that  the  ancients  were 
familiar  with  the  force  of  steam  could  be  desired  :  the  idea  couM  never 
have  occurred  except  to  men  practically  acquainted  with  the  irresistible 
energy  of  this  fluid  when  confined.  If  by  no  other  means,  we  may 
sure  they  had  frecpient  proofs  of  this  energy  in  the  rupture  of  eolipiU 
when  their  vents  were  closed.  The  hypothesis  of  Pinto  respecting 
conversion  of  water  into  air  and  Jire,  (mentioned  below,)  shows  him 
have  been  a  close  experimenter  on  steam  at  different  temperaturtjs.  The" 
old  theory  of  boiling  springs  being  forced  from  the  interior  by  steam,  im- 
plies aJso  an  acquaintance  with  devices  for  raising  water  by  it. 

Identity  of  Steam  ami  Air,  pp.  395-400,  41S-421.  This  erroneoti 
opinion  doubtless  dates  back  to  the  early  ages,  during  which  it  led  to 
invention  of  eolipiles,  and  to  the  ^r/t  mechanical  application  of  nqucou 
\'apor,  viz.  to  blow  fircii,  instead  of  wind  from  bellows.  It  is  singulaf 
however,  that  such  an  opinion  should  have  been  maintained  at  so  late 
period  as  the  close  of  the  17th  century — that  modem  as  well  as  an 
cient  philosophers  should  have  taught  that  water  rarefied  by  heat  wa 
converted  into  air,  and  that  air  condensed  by  cold  was  returned  init 
water.  Besides  the  examples  already  given,  we  add  a  few  more.  Of  tin 
elements  into  which  philosophers  formerly  resolved  all  tilings  materia 
viz  :  earth,  icaler,  air  and  Jire,  Plato  suspected  the  laat  three  w»"re  bo 
modificalii'ns  of  one  ;  at  any  rate,  he  supposed  they  were  convertible  inli 
each  other — that  water  attenuated  bv  heat  was  dilated  into  air,  (steamj 
and  that  this  by  a  higher  temperature  became  an  invisible  and  glowirj 
fluiii  or  fire.  (Plutarch,  Opin.  Philos.)  Plutarch  himself,  in  his  TrealL 
on  Cold,  observes,  "  aire  when  it  doth  gather  and  thicken  is  converted  ioU 
water,  bat  when  it  is  more  subtile  it  resolveth  into  fire  ;  as  also  in 
like  case,  water  by  rarefaction  is  resolved  into  aire."  Pliny,  in  speakia 
cf  winds  says,  "aire  is  gathered  into  a  waterie  liquor."  The  swealinl 
of  walls,  breathing  on  glass,  moisture  on  the  outside  of  a  tumbler  of  watee 
&c.  were  considered  proofs  that  cold  condensed  air  into  water.  I.o 
Baciin,  in  his  Sylva,  Expers.  27  and  76,  speaks  of  "  the  means  of  tar 
■aire  into  water,"  and  Exp.  91,  relates  to  "  the  version  of  water  into  aire.' 
Norton,  (n  contemporary  of  Bacon,)  in  his  "  Rrbearsal  of  Alchemy,"  reni"" 
fics  the  old  doctrine  thus  : — 


But  ayro  condnniM  is  tiim'd  to  nine,  ■ 

And  water  rarefied  cani)M  ayre  Bga'iD.  t 

Wind-Milh,  p.  418.      These   were  known  in  England   in   the   13tk 
century.    At  the  battle  of  Lewes,  A.  D.  12'>4,  "  there  was  many  a  rainir* 
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■orjoe  broght  to  g;rnuude  and  the  kynge  of  Almayne  was  taken  in  a  wymde- 
mytle." — (Hearne's  Glossary  to  Peter  Langtoft's  Chronicle.) 

bUdligence  of  Animali  exemplified  in  Railing  Water,  p.  74.  Plutarch 
in  his  comparison  of  land  anu  water  animals,  says,  oxen  were  employed 
in  raising  water  for  the  king  of  Persia's  gardens  at  Susa,  "  by  a  device  of 
wheels  which  they  turned  about  in  manner  of  a  windlass."  Each  ox  wa4 
requt-«a  to  raise  one  hundred  buckets  daily,  and  as  soon  as  that  number 
was  completed,  no  efforts  of  the  attendants  could  induce  him  to  add  another. 
Attempts  were  made  to  deceive  the  animals  but  without  effect,  so  accu- 
rately  "  did  they  keep  the  reckoning." 

Impritoning  Chairs,  p.  429.  Such  devices  are  very  ancient.  The  first 
proof  of  Vulcan's  mechanical  ingenuity  is  said  to  have  been  a  throne  or 
chair  of  gold,  with  secret  springs.  This  he  presented  to  his  mother,  and 
no  sooner  was  Juno  seated  in  it  than  she  felt  herself  pinioned  and  un- 
able to  move.  The  gods  interfered,  and  endeavored  to  release  her,  but 
without  effect ;  and  it  wsts  not  till  the  artist  had  sufficiently  punished  her 
for  her  want  of  affectfon  towards  him  that  he  consented  to  let  her  go. 

Nabis,  the  tyrant  of  Lacedemon,  had  a  device  for  extorting  money  from  ^ 

the  wealthy.  It  was  a  statue  of  a  female  clothed  in  rich  apparel.  When 
any  one  refused  to  part  with  his  wealth,  the  tyrant  introduced  him  to  the 
image,  which  by  means  of  springs,  seized  him  in  its  arras,  and  put  him  to 
the  must  excruciating  torments,  by  forcing  numerous  bearded  points  into 
his  body. 

Rotary  Pumps,  Eolipilet,  Steam-Gntu,  &c.  In  "  Mathematical  Recrea- 
tions, or  a  collection  of  sundrie  excellent  problems,  out  of  ancient  and 
modern  philosophers ;  written  first  in  Greek  and  Latin,  lately  compil'd  in 
French  by  H.  Van  Etten,  and  now  in  English,  Lon.  1674,"  is  a  rotary 
pomp  similar  to  the  one  we  have  figured  at  p.  285  :  it  is  named  "  a  most 
soveraign  engine  to  cast  water  high  and  far  off  to  quench  fires."  A  goose- 
neck like  those  now  used  is  also  figured — also  an  atmospheric  garden  Dot 
"—magic  cups — three-way  cocks— ear  trumpets,  and  eolipiles.  Of  the  last, 
the  author  says,  "  some  make  them  like  a  ball,  some  like  a  head  painted, 
representing  the  wind — some  put  within  an  eolipiie  a  crooked  tube  of 
many  foldings  to  the  end  that  the  wind  impetuously  rolling  to  and  fro 
within,  may  imitate  the  voice  of  thunder — some  apply  near  to  the  hole 
•raali  windmills,  or  such  like,  which  easily  turn  by  reason  of  the  vapors." 
One  problem  relates  to  the  "  charging  of  a  cannon  without  powder." 
This  was  done,  1st,  by  air  as  in  the  air-gun ;  and  2d,  by  steam,  the  latter 
fluid  to  be  generated  irom  water  confined  in  the  breech. 

Olaus  Magnus  mentions  eolipilic  war  machines,  apparently  similar  to 
those  described  by  Carpini,  (see  page  400.)  They  are  distinguished  from 
every  species  of  guns  :  he  calls  them  "  brazen  horses  that  spit  fire  :  they 
were  placed  upon  turning  wheels,  and  carried  about  with  versatile  engines 
into  the  thickest  body  of  the  enemy  :  they  prevailed  so  far  to  dissolve  the 
enemy's  forces,  that  there  seemed  more  hopes  of  victory  in  them  than  in 
the  souldiers."— (History  of  the  Goths,  book  ix,  chap.  3,  Eng.  Trans. 
Lor.d  1C58.) 
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\s  consequence  of  a  siiggesdun  that  a  little  ndilitional  matter  on  Eolk. 
pilic  auloiiKita  would  adj  interest  to  this  volume,  a  few  spet-'imens  accno 
paniud  willi  cursory  observations  are  subjoined.    The  figure*  tbein^^elTe 
constitute,  perhaps,  a  better  exposition  than  any  thinsT  which  can  no»v 
written  on  the  devices  which  lliey  represent — devices  onco  wielded 
terrible  efiects  by  both  sacerdotal  and  military  engineers. 

Like  extinct  natural   monsters,  oracular  and  warrinj;  EoHuiK-<i  ha«t 
disappi-.ired  from  the  earth  and  left  scarcely  any  authentic  vestiges  In 
hind.    They   belonjjed  to  certaiu   states  or  conditions  of  socie.y  whic 
they  could  not  survive.     Indigenous  to  aires  of  darkness,  they  flounslie 
only  in  the  absence  t>f  light.     Ueoeding.   as  civilization  advanced,  it  nig 
be  said  of  them,  as  of  spectres,  they  flutter  at  dawn  and  vanish  as 
as  tiie  sun  (of  science)  has  risen.     But  they  are  not   the  less  intercj^tin 
subjects  of  research  because  of  the  evils  they  inflicted   on  our  epccieij 
any  more  than  are  geological  remains  of  mammnih  being?  which  preye ' 
on  inferior  tribes.    Antitiue  Eolipiles  are  in  some  respin-ts  the  richest 
artificial,  as  fossil  bones  are  of  natural,  relics.    IJoth  are  unique  memo 
rials  of  naat  times — vivid   remembrancers  of  strange  beings  and  dsr' 
deeds.     The  former  afli"ord  proofs  of  stupendous  animals  reigning  ns  ijia 
narchs  over  the  woods  and  waters  of  the  old  world;   and  the  latter  rej 
mind  us  of  moral  monsters,  preying  with  surprising  facility  upon 
classes  of  men. 

Picioriul  representations  of  idolatrous  and  fighting  eolipiles  are  i 
Ceedingly  rare;   and  those,  few  as  we  find  them,  if  not  transl«Tred  to  ma 
dem  pages  will  soon  be  irrecoverably  lost.    Tiiose  which  follow,  thnuc 
deplornbly  imperfect  and  obscure,  will  be  acceptable   to  most  readers,  i 
not  to  all.     Examples  of  the   employment  of  ehislic  and  inflammabia 
fluids  under  siiit;uhir  circumstances,  they  can  hardly  fail  to  elicit  the 
atleiitiiiii  of  inquirers  into  the  origin  and  historj'  of  motive  mochanisn 
They  may  afl'ord  hints  on  old  and  lost  arts.    Nor  do  they  lack  interest  to 
general,  or  even  learned  readers  ;   for,  besides  illustrating  ancient  societf 
and  manners,  they  reflect  light  on  the  darkest  passages  of  poetry  and  viu 
manco:  they  add  strength  to  the  conviction  that  much  which  ancient 
literature  has  failed  to  explain,  a  close  examination  of  ancient  arts  mayl 
yet   render  clear.     Even  the   Eolipile,  simple  as  it  seems,  promises 
conduct  inquirers,  like  the  clew  ot  Ariadne,  through  lab\Tiiilh8  as  pc<'*| 
plexing  as  those  which  puzzled  old  travellers  to  Egypt  and  Crete. 

Of  all  the  freaks  of  poor  human  nature,  idolatry  is  the  strangest;  and^l 
talien  in  connection  with  evils  sprin!;iiig  from  it,  the  most  infoctious  andJ 
fatal  of  maladies.  Hitherto  ineradicaiile,  inexpugnable,  it  has  tainted] 
all  epochs,  polluted  all  people.  Its  ravages  have  been  more  destnictirai 
than  war,  more  distressui'^  than  famine.  Tt  has  been  the  fertile  source  ofj 
both.  Superstition,  the  parent  of  idolatry,  is  peculiar  to  man,  utile!«s  de-j 
mona  be  tormented  by  it,  which  is  not  unlikely  *  f>ir,  besides  ita  ansucift 
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tviiis  being  truly  diabolical,  (it  has  every  wbere  erected  altars  l<>  Baab 
and  furnished  victims  to  Molochs,)  it  seems  the  natural,  and  may  be  the 
universal  punishment  of  mental  debasement.  It  is  to  the  mind  what  pre- 
mature decrepitude  is  to  the  body — a  horrible  |)enalty  for  violating  a 
fundamental  law  of  our  nature,  for  stunting  the  soul's  growth,  for  not 
caltivating  the  intellectual  with  the  physical  faculties,  that  both  ai^t 
expand  and  improve  together  ;  that  infant  puerilities  might  be  succeeJcd 
by  youthful  intelligence  and  masculine  knowledge.  Instead  of  tiiis. 
superstition  unites  dwarfed  and  crippled  minds  to  grown  up  bodies — 
stocks  the  world  with  souls  blind  to  their  destinies  and  duties,  and  con- 
sequently to  tl»e  great  purposes  of  existence  lost.  Where  else,  tiien,  can 
such  abortions  be  more  appropriately  consigned  than  to  the  hades  of  ig- 
norance—of  sottish  delusions — to  murky  regions,  where  the  sickly  ima- 
gination sits  an  incubus  on  the  prostrate  judgment,  and  visions  of  insanity 
are  reckoned  as  realities ;  where  the  occupants  wander  among  shades, 
and  mutter  the  gibberish  of  phantoms. 

A  stranger  to  natural  causes,  startling  phenomena  have  ever  filled  the 
barbarian  with  dread.  To  account  for  such  things  he  peoples  the  ele- 
ments with  imaginary  beings,  who  control,,  as  he  supposes,  all  mundane 
afiairs  at  their  will.  Meteorological  commotions,  pain,  sickness,  death, 
and  every  public  and  private  calamity,  were  liehl  as  manifestations  of 
tbeir  power  or  their  wrath  ;  hence  the  idea  nf  propitiating  beings  so 
mighty  and  malignant ;  hence  idolatry  with  its  direful  progeny,  magic, 
divination,  necromancy,  and  their  c(»ngeners ;  and  hence  too  the  rise  of 
those  astute  spirits  who,  from  the  beginning,  have  subdued  the  million 
by  working  on  their  fancies  and  fears — who  have  raised  themselves  into 
gods  and  sunk  the  rest  of  mankind  into  brutes. 

Idols  were  almost  invariably  modeled  after  hideous  forms,  because 
designed  to  excite  terror.  This  was  in  accordance  with  the  principles 
un  which  demonolatry  was  founded.  As  fear  was  to  be  avvakene<l  it  was 
essential  to  make  them  correspond,  as  nearly  as  could  be,  with  the  evils 
they  had  power  to  inflict  or  emotions  they  were  designed  to  inflame. 
To  have  made  them  more  attractive  than  repulsive  would  have-  been 
preposterous,  since  it  would  have  been  neglecting  the  cultivation  of  that 
passion  upon  which  their  efliciency  rested.  Their  makers  knew  their 
business  better.  In  nothing  is  the  versatility  of  ancient  genius  more 
apparent  than  in  representations  of  the  horrible — in  conjuring  up  images 
to  cause  the  timid  to  tremble  and  the  bold  to  recoil — the  most  hideous  of 
hybrids,in  which  were  combined  features  derived  from  every  thing  on  the 
earth  and  in  the  waters  under  the  earth  calculated  to  excite  abhorrence 
and  dread.  Perhaps  it  is  not  too  much  to  say  that  here  also  little  is  left 
for  professors  of  the  Jine  arts  to  do,  except  to  imitate  works  of  old  mas- 
ters. Invention  seems  out  of  the  question.  Our  best  and  worst  specimens 
of  diablerie  and  the  monstrous  are  but  copies  and  caricatures  of  originals 
in  old  gal.eres  of  furies,  minotaurs,  hydras,  chiniseras,  centaurs,  sphinxes, 
fauns,  dragons,  griffins,  gorgons,  satyrs,  harpies,  hippogrifls,  and  othei 
unearthly  combinations  of  human  bodies  with  those  of  beasts,  birds,  fish, 
replies  and  demons. 

But  ghastly,  terrific  or  fiendish  features  were  not  always  deemed  suffi- 
cient. It  was  expedient  to  communicate  active  qualities,  such  as  might 
influence  ether  senses  than  the  sight,  and  which,  being  appropriate  to 
the  character  an  idol  was  intended  to  sustain,  might  serve  still  further  to 
establish  or  increase  its  fame.  Thus,  some  moved  their  Iieads,  arms 
hands,  eyes  ;  others  spoke,  groaned,  smiled,  perspired,  laughed,  &c.  &c 
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A  few,  like  the  image  of  Nibis,  squeexeJ  unbetieTers  to  death  in 
•mu,  and  otben,  like  the  gods  of  tbe  Ziduoians,  ia  tlit-ir  fury  swallowed 
oflenden  alive.  The  repeated  declaratioiu  in  the  Bible  that  godi  ol 
■tone.  woihJ  and  metal,  neither  saw,  heaid,  ate  nor  "»p!ike  thiou^  their 
chruats,"  &c.  imply  that  by  priestly  artifice  these  and  utberfuoctions  wura 
imitated.  Had  all  been  dumb,  motionless  statues,  thu  contiaat  denial 
•uch  powers  to  them  would  have  been  nugatory. 

The  date  nf  androidal   idols  is  utikoown  :  they  appear  tn  bare  be( 
co-«vaI  with  the  use  of  metals — are  perhaps  of  a  still  earlier  date.  f( 
modem  savages  have  attempted  them.     They  were  found  so  eflectuol  at 
to  have  become  importatit  instruments  in  the  hands  of  rulers  in  aiuebi** 
t4>ric  eras ;   while  to  devise  and   work  them    became  the  prufosma  t4 
priests.    .\s  society  advanced  the  treasurer  of  states  aud  temple*  wi 
expended  in  their  production,  and  the  influence  of  both  was  excnrisMl 
establishing  their  reputation :  a  union  of  wealth  and  intelligence  whictf 
accounts  for  the  perfection  and  celebrity  of  many  ancioal  androids. 

Ever  on  the  look  out  for  novel  and  imposing  devices,  the  fouadi 
aiid  fosterers  of  idolatry  were  too  close  observers  to  overlook  the  mi 
appalling  of  nature's  displays,  and  too  keenly  alive  to  their  interests 
remain  ignorant  of  the  means  of  imitating  them.    At  an  early  day  ihi 
gods  were  counted  the  greatest  that  had  power  over  fiie  and  contrullei 
atmnspherical  tempests — that  spake  in  thunder  and  whose  darts  wc  m| 
the  electiic  fluid.     On  thin  belirf  Eolijjilic  idolt  arote,  a  class    ctrfaiol; 
among  the  most  productive  if  not  among  the  most  ancient.    They  wci 
necessarily  the  wi>rk  of  the  founder,  not  of  the  carver,  and,  as  alreadjr! 
intimated,  not  a  few  of  the  "  brazen"  or  "  molten"  images  of  the  01' 
Testament  were  more  or  less  allied  to  them — an  inference  justiHetl  b/i 
ntimer'>us  allusions  to  blasts  of  flame,  smoke  and  wind  issuing  from  the 
mouths  and  eyes,  &c.  There  was  probably  less  difficulty  in  the  apotlieosi 
of  Eolipilic  images  than  of  others.     When  idolatry   was  universal  fe 
could  refuse  subjection  to  deities  that  invalled  Neptune  in  shaking  ;hi 
ground — Jupiter  in  his  character  of  the  thunderor;  and  Pluto — the  grim' 
and  inexorable — the  sulphur-enthroned  god — in  the  worst  of  his  fum 
tions.    To  none  were  aj)otrophic  hymns  so  fervently  addressed,  for  uoni 
looked  more  threatening  and  fierce,  or  gave  out  such  awful  manifeata*. 
tions  of  wrath. 

Of  their  authors  or  inventors  there  is  no  room  to  doubt.  They  wer* 
men  whose  intelligence  was  far  in  advance  of  their  times,  who  mo>lo« 
polized  knowledge  for  the  sole  interest  of  their  class.  Claiming  kill' 
drod  with  heaven,  freed  from  worldly  cares,  clothed  in  reverend  vest" 
ments.  they  lived  apart  from  other  people;  holy  and  artless  in  appei 
ance,  yet  adepts  in  artifice  and  very  devils  in  craft.  Hierouhantic  magi 
cians  Bojoun.ed  in  temples,  feasted  on  tythos  and  got  rich  by  means  of 
idols.  They  mjved  gods  to  compassiim  by  wires,  aud  roused  them  tO< 
anger  by  explosive  com{}ounds.  Their  professional  attainments  are 
disputalile.  In  the  roguish  depariments  of  physics  they  were  never  8ur< 
passed.  What  resources  and  talents  did  those  of  Egypt  display  in  ooa*j 
petirig  with  Moses,  even  to  the  development  of  lower  foriiM  of  life 
The  la!«)ralory  was  their  study,  natural  science  the  'oiume  over  which' 
tiiey  pored,  the  knowledge  of  latent  phenomena  their  wealth.  It  is  im« 
possible  to  think  on  '.he  vaiiety,  magnitude  and  dilliculties  orsnnie  of 
their  impostuies  without  conceding  to  them  excelling  itiRei.uifv  and  im- 
pudence sublime.  In  chemistry  and  mechanics  they  were  profo  inii :  of 
th^ir  cuiitii  "ancoa  few  were  more  successful  thai<  those  to  which  t/Otb 
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•eicnces  cnntrilnitod  :  hut  of  all  liieir  cliemico  inechatiical'  prmltictionf 
^ffbaps  none  pedorvncil  gieator  deeds  of  renown  llian  the  Kolipile. 
To  ar.<;om[)lish  its  pui  puses  litis  iustrtinient  put  on  a  sttan^e  diversify 
of  shapes,  and  was  endowed  >\itli  sucli  attributes  as  its  adroit  nianii^oiM 
rr.iiii'iMl;  but,  purposely  dispjuised  as  i!  was,  and  its  movemenlb  insje- 
.  tiiA-'<kcd,  ilc  former  tricks  are  not  entirety  concealed  liv  tlie  veil 
,^,,.-  ■.  time  hus  dropped  over  the  stirrinc  dinrnas  of  ancient  life.  U  may 
t»e  detected,  though  ton  remote  to  he  distinct.  In  the  deepest  oliscurity 
its  performances  are  too  jicctiliar  lo  he  niistiiken.  It  a|)pears  to  ba\» 
flourished  in  mythdogic  and  heroic  ages,  and,  naturally  enough,  thosis 
were  the  times  of  its  greatest  arhievcmenls.  Besides  a  few  minor  nn- 
gagemente,  it  wn.s  principally  em])h)yed  in  jiersoiiating  three  lemwk- 
»ble  characters: — a  god,  a  warrior,  and  a  guardian  of  ticusure.  In  the 
temple  it  descended  with  neoplivtes  inln  the  sacred  chimdiers  and  took 
part  in  the  lesser  and  snhlimer  mysleries,  while  at  ihe  altar  it  coiifiitu- 
e>d  the  faith  of  its  worshipers  hy  miracles  wrought  in  their  jiiescnce. 

Ill  war  its  efl'ects  were  once  e<pmlly  decisive.  Its  appearance  alone 
•ufficpil,  like  the  head  of  .Medusa,  to  petrify  opponents  with  horror. 
8u|><?r»tilioii9  troops  (in  early  limes  all  were  siiper-slitious)  were  vf 
toutidcd  at  the  sight  of  an  enemy,  supernatural  in  form,  borne  o.oiig  in 
chariotn  of  clouds  and  whirhvinils  of  fiie  ;  uo  stronger  proof  fif  the  gudH 
lieiiig  against  them  could  be  adiluced.  Like  the  aflnghted  Philistiiiex 
under  a  similar  persuasion,  their  heails  would  melt  within  them,  and 
ere  they  fled  they  exclaimed  with  the  warriors  of  Canaan,  "  \V'  unlo 
us!     Who  shall  deliver  us  out  of  the  hands  <if  lliese  mi<»hty  rimIs  1" 


As  a  serpent  or  dragon,  it  couched   hy  the  porliils  of  palaces  or  i.iy 
t  the  ent 
together. 


at  the  entrance  fif  caverns  to  protect  the 


!er  its  owners  had  pottei 


The  annexed  figures  and  subsequent  remarks  may  serve  to  elucidate  ir 
a  fi-nble  degree  a  few  of  its  performances  under  each  of  these  character* 

Iilols.  especially  liolipilic  ones,  heloi.g  to  a  department  of  ecclesias- 
tical liistoiy  hitherto  little  examine^  and  less 
anderstood.  Tnie,  they  recall  no  very  pleasing 
Msnciutions,  yet  ihey  make  us  ac(|Uuinted  with 
fn;«ny  curious  iransnctinns.  This  Hyure  is  a  te- 
Liresentation  of  Fiislerich,  a  bronze  Eolipilic 
god  of  the  ancient  Ger  nans,  described  at  page 
399,  to  which  the  reader  is  referred.  The  burn- 
ing fluids  and  flame  issued  from  the  mouth  and 
the  eve  or  orili'-i.  in  the  middle  of  the  forehead. 

This  is  not  nctr  so  repul.-iive  as  many  an- 
cient nod  modiTii  idols:  compared  with  some 
it  might  almo-tt  be  deemed  engaijinir.  Perhaps 
■.t«  a<lmireis  were  loo  far  advanced  lo  relish  a 
n)i>ngrel  ileity.  or  one  with  an  extra  nuinlier  of 
heods  or  limbs.  It  is  but  one  among  many  of 
its  kind  which  might  be  adibiced,  had  wc  the 
history  of  numerous  bronze  images  extant,  or 
jf  others  noticed  in  aiitiijuarian  works.  Sere- 
falhave  openings  behind  and  fitted  for  plugs,  Ko.  087.  AncUm  EolipiUc  Idol, 
as  if  designed  for  charging  them  with  liquids. 

There  is  an  impressive  resembluuce  l>etween  this  figure  and  that  of  a 
Cyclop,  and  there  may  be  a  real  similitude  between  idola  rd'  this  kind 
tndtho  three  fabled  sons  of  Neptune  and  Amphi'rite.   As  rnmr.rked  fur 
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ther  on  Rrt-breatking  and  other  mythic  monsters  w«re  not  all  meiv  v4 
siun«,  mystic  ernbleins,  or  hieroglyphical  pictures,  but  actual  brazon  I 
injrs,  ()f  the  tonus  and  wilh  many  of  the  functions  liesciibed — in  olbe 
words,  Eoli|iilic  idols,  persunitied  as  all  idoia  were.  The  reader  nc 
not  be  reminded  of  the  relation  of  the  Cyclops  lo  fire,  since  they  wereaidi 
t.>  Vulcan,  and  were  destroyed  by  Apidio  lor  manufHcturin^  ijr  ejecting 
I'Ke  I'usterich,  ihunderbcjits.  They  are  sometimes  descrii-ed  n«  havin 
I'Ui  one  eye,  at  other  times  represented  with  three — two  in  the  ordina 
plaois,  and  a  third  in  the  foruhead,  as  in  the  preceding  figure.  jSec  pin 
iia!5<>i  141,  vol.  I,  Fosbvoke's  Encyc.  Anlii|.J  'I'liia  idol  rf  supposed  to  hav 
beloni^ed  originally  to  a  high  antiquity,  and  may  possibly  be  a  jjenuia 
Cyclop. 

Two  or  three  more  metallic  deities,  which  appear  to  lie  Enlipilic,  mig 
here  be  introduced  ;  but  as  the  fact  is  uncertain,  and  nothing  but  con 
jecluros  could  accompany  them,   we  forbear.     Had  more  data  bceti  ic 
cessiblu  the  subject  woulil  needs  be  a  thrilling  one.    No  work  of  iniag' 
nation  could  bo  richer  in  interest  or  more  icrlile  in  intiiguc  and  plofl 
than  accounts  of  idolatrous  androids  of  the  more  advanced  nations  ufoli 
of  the   puppet-machinery  in  each   famous   temple,   and  the  by-p]| 
which  the  reverend  showmen  set  them  ofl"  to  advantage,  lulled  Rusji 
and  kept  their  audiences  in  the  right  humor.     We   may  descant  a« 
please  on  epic  poets,  on  tragic  and  comic  authors  and  actors,  but  wha 
were  the  best  of  them  compared  to  those  proto-fathers  of  fiction  and  bil 
trionic  professions  1    .Men    whose  theatres  were  temples,  whose  slag 
were  altars  :  master  players  on  the  piissions,  who  excited  what  emotion 
they  pleased,  and  impressed  on  their  congregations  an  abi<liiig  ^ense  (A 
the  realities  of  the  illusions  they  exhibited.  The  8id)ject  reaches  down  i 
the  nonage  of  society  an<l  comes  up  with  it  to  our  own  days;  ti.is  relatio 
lo  the  most  slupctidous  system  of  ilecreplion  ever  conceived,  and  the  mos 
Kucccssful  one  ever  practised   by  man  upon   man;  affords  the  riost  At 
ploiable  and    duiable  eNamples   of  humiiti   credulity  and  cunning;   in 
volves  tlie  early  history  of  all  races  and  of  nearly  all  arts.     Its  expositic 
of  piinciples  of  ancient  science  would   be   highly  iiistruclive,  and  theii 
villniHiuM   applications   often   amming.     The    mystery  thnt  envelopes 
irresi.-ilibly  whets  ciiiiosity.    The  little  that  is  known  makes  us  anxious  1 
[lusti  asiile  the  skrcen  that  hides  from  our  view  the  ingenious  and  elnh 
rate  mechanism    by   which    pagan   monks  emasculated  the   species 
kept  an  awe-stricken  world  at  their  feet. 

The  following  figures  illustrate  the  fighting  qualities  of  the  Eolic 
As  a  war-instrument  it  became  better  known  than  as  an  onurle  conhne 
in  temples.   In  the  field  it  was  exposijd  to  th»  scrutiny  of  the  cunou*  i 
well  as  of  its  immediate  managers,  so  that,  whether  capturi'd  or  not,  I 
.secret  of  its  con.slniction  could  not  long  remain  one,  or  the  device  1 
(Htnfiiied,  if  much  emfilnyi'd,   lo  one  people.     Nor  did  it  cast  ofl"  its  nr 
tensions  to  divinity  with  this  clians;e  of  occupaticni,  but  rather  sustaine 
them,  for  it  was  jis  a  god  that  it  fiist  became  terrible  in  battle — »»  sue 
its  military  achievements  shook  neighboring  nations  with  alarm  and  no, 
quired  for  it  a  cehdirily  that  has  reached  to  our  times.    The  nature  ofit 
performances  remained  the  same  as  at  the  altar,  e.xcept  that  it  now  dij 
not  hesitate  to  (lesti'ny  those  whom  it  could  not  convince. 

Every  people,  no  matter  how  barbarous,  esteemed  their  own  i^odsi 
perior  to  others.    It  was  indispensable  to  the  interests  of  priests  to  k« 
this  conviction   alive  under  all  exigencies;  hence  while  victories  80lv^ 
to  establish  it,  defeats  did  not  ov'erihrow  it     These,  it  was  nrtfuUy  ku 
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gestcd,  were  only  proofs  of  a  deity  having  become  temporar_;  ofTei.ded, 
either  for  not  being  properly  invoked  or  on  account  of  indignities  offered 
to  his  ministers.  It  was  only  to  make  his  proteges  sensible  of  his  dis- 
pleasure that  on  such  occasions  he  lefl  them  a  prey  to  their  foes !  Pagan 
history  is  full  of  examples,  they  abound  in  the  Iliad,  which  opens  with 
one.  Thus  the  character  of  an  oracle  or  idol,  and  the  influence  of  its  oflS- 
cials  were  ingeniously  preserved  whether  those  who  trusted  in  it  became 
conquerors  of  conquered,  victors  or  victims.  Such  was  the  practice  un 
der  ordinary  circumstances,  the  god  remaining  the  while  undisturbed  in 
his  fane ;  but  when  extraordinary  calamities  threatened,  when  an  invad- 
ing army  approached  and  his  worshippers  v/cyg  menaced  with  captivity 
or  famine,  corresponding  efforts  were  made  to  appease  and  even  to  com- 
pel him  to  be  propitious.  Bribes  were  held  out,  votive  gifls,  hecatombs 
and  new  temples  pmmised — processions  in  his  honor  were  got  up,  with 
sacred  banners,  relics,  &c.  borfie  alofl,  (an  European  practice  through 
the  middle  ages,  and  an  Asiatic  one  yet.)  Then  to  make  sure  of  success 
by  connecting  his  fate  with  that  of  his  followers,  the  latter  took  him  down 
fiom  his  shrine  and  carried  him  lo  the  battle-ground,  under  a  belief  that 
he  would  not  suffer  himself  to  be  taken  if  he  were  disposed  to  leave 
tiiem  in  the  lurch.  On  the  same  principle  idolaters  of  every  age  have 
acted.  The  early  Jews  were  not  free  from  the  strange  infatuation,  nor 
:s  it  easy  to  see  how  they  could  have  been  better  informed  previous  ta 
or  at  the  period  of  the  E  xodus.  They  were  as  much  attached  to  idols  ai 
the  Egyptians,  and  took  the  first  opportunity  that  the  absence  of  Moses 
presented  for  making  an  image  of  Apis.  After  the  severe  'defeat  at 
Aphek,  some  of  the  ignorant  got  up  a  cry  to  bring  the  ark  to  the  camp  and 
renew  the  contest  under  its  auspices.  "  When  it  cometh  among  us  it  may 
•  save  us  out  of  the  hands  of  our  enemies."  To  this  the  better  informed 
probably  acceded  with  the  hope  that  Jehovah  would  protect  it,  and  the 
people  for  its  sake,  but  they  were  mistaken — they  vere  routed,  thirty 
thousand  were  slain,  "  the  ark  of  God  was  taken,"  and  exhibited  in  the 
pnncipal  cities  of  the  captors  tor  a  period  of  seven  months,  during  which 
rhenician  priests  and  artists  were  probably  not  very  scrupulous  in  ex- 
Lmining  its  contents,  its  designs  and  decorations,  the  cherubim  of  ham- 
mered gold,  their  forms,  features,  wings,  &c. 

In  this  same  manner  warrinj;  Eolipiles  i)ecame  known  to  others  than 
their  designers:  as  gods  and  dcmi-gods  they  made  their  debut  in  battle. 
As  such  they  were  victorious,  and  as  sucn  were  eventually  captured. 
Exaggerated  accounts  of  some  of  the  earliest  are  preserved  in  mythologi- 
cal annals.  So  awful  were  their  attribiitcs  and  so  terrific  their  appearance, 
ihat  their  very  looks  overcame  their  opponents.  Of  this  Brinreus  was 
an  example ;  but  when  their  artificial  nature  became  known  they  put  on- 
less  formidable  shapes,  their  efficacy  then  depending  more  on  what  they 
did  than  how  they  looked.  In  comparali\'ely  modern  epochs  they 
never,  however,  attained  much  beauty,  if  we  might  judge  of  the  one 
on  the  following  page^^ 

The  age  to  which  the  specimen  figured  in  the  next  cut  belonged  is 
unknown.  It  and  No.  289  are  from  a  Latin  folio  published  in  Paris  in 
153.'>,  containing  Vegetius  on  Military  Machinery  and  Institutions,  Elian 
on  Tactics,  Frontinus  on  Strategems,  and  the  Book  of  Modestus  on 
Military  Affairs  : — -collated  from  .A-'Jcfcn/ codices  by  Budeus,  the  celebrated 
French  critic.  Attached  to,  and  paged  with  Vegetius,  are  one  hundred 
and  twenty  folio  illustrations,  rudely  executed  on  wood.  They  are  co 
pirs  of  those  of  the  old  German  translation  to  which  we  have  f~eqnentlj 
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referred,  with  the  exception  of  a  couple  of  reduceil  rftc-aimiles  whkk 
are  nowf  before  the  reader,  (a) 


Ifo.  S9>1   AvtRra  Ft^'in^  Lullpir 

As  ool  a  wonl  of  explanation  accompanies  this  sinj^iilar  fijjure,  (nui 
any  other  in  the  book,)  and  little  or  nothing  is  to  bo  f'nind  in  Vegpfiu 
or  other  Roman  authors  to  aid  us,  all  that  we  can  offer  must  bo  receive 
as  conjecture.    If  the  magnitude  of  the  machine  l>e  judged  from  othe 
illustrations  in  the  collection,  it  was  colossal.    No  object  is  f»ortr»ved 
near  it  by  which  to  infor  its  relative  dimensions.     Tiie  general  oulfint 
tepresenls  the  human  bunt,  and  the  whole  seems  to  have  been  an  cnor 
mous  Pustericli  on  wheels.    It  probably  combined  the  g-od  with  the  wa 
rior,  assuming  the  character  of  each  as  occasion  required.     It  is  no  baj 
representative  of  both;   and  the   powers  it  possessed   of  punishinsj  in 
eitemies  are  as  obvious  as  they  were  awful.    The  ignited  jet  issued  fimn 
the   Clinical  tube  whose  wide  end  is  riveted  to  the  forehead — (a  smal| 
pipe  descending  from  it  to  the  bottom  of  the  bust,   as  in  the  air-ves««U 
of  fire-engines,)  and  possibly,  also,  out  of  its  eyes  and  mouth.    The  pr 
longalion  of  the  nose,  and  the  daggers  projecting  from  the  mouth,  won 
intended  to  ward  off  blows  during  assaults,  and  to  prevent  access 
it,  lest  the  orifice  or  orifices  should  be  spiked  or  otherwise  closed.   Point 
ed  projections  of  this  kind  are  quite  common  adjuncts  in  old   war  en- 
gines. 

As  this  Eolipile  is  figured  at  rest  and  not  in  use,  neither  fire,  firr-plarcJ 
nor  the  mode  of  charging  it  is  delineated.  The  fuel  was  probably  applied 
in  the  lower  part  of  the  bust  behind,  though  it  may  have  been  kindled 


(o)  "  Fl.  Vcgelii  Renati  viri  illuflris  de  rf  militari  libri  qualaor.  SexlHrlii  Prn 
tini  viri  convniaris  de  stralegemniis  libri  toJidfm.  ^liani  de  instniendts  aeieb 
liber  anus.  Modesli  de  vocabulis  rei  militaris  liber  unin.  Item  pictunp  bellli 
exz.  p,n!>sim  Vegelio  adjecl!c.  Cullata  sunt  omnia  ad  aniiquos  codices,  maxiG 
BuD£i,  qiiod  teslahiti  r  iCIianus.    Paristis,  mdxxzt." 
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srnally,  the  head  being  for  that  purpose  inclined  backwards  and  rest 
en  the  corniijerous  and  auriculai'  prolongations,  which  would,  like 
the  feet  of  a  naldron.  form  a  tripod  to  support  it.  But  much  allowance 
inasl  be  made  for  old  ilhistrations.  Scarcely  ever  is  an  attempt  made  \o 
dolitieate  interior  parts  or  external  details.  One  object  of  the  horn  and 
ears  was  obviously  to  vary  the  direction  €)f  the  jet,  to  incline  the  tube  to 
the  right  or  left,  up  or  down,  somewhat  in  the  manner  of  the  ayrin^je 
"ogine  of  Uesson.  The  wheels  aic  solid,  and  as  there  are  but  two,  some 
.nechanism  fir  jireserving  the  image  in  an  upright  position  was  neces- 
sary: as  they  moved  on  separate  axles  the  tube  could  as  readily  bo 
turned  in  a  lateral  direction  as  it  could  be  ele%'ated  or  depressed.  The 
manner  of  conveying  this  machine  to  considerable  distances  is  not  indi- 
cated, probably  because  it  was  rather  intended  as  a  stationary  mean^  ol 
•lefence,  than,  like  the  next,  a  moveable  one  for  attack. 
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Nil.  leo.  I'>>lipilii'  WuDth^ob. 

Here  is  a  variety  of  the  griffin,  hippogriff,  or  dragon  geui.s,  plact'd  on 
four  wheels,  and  evidently  designed  to  break  the  ranks  of  an  opposing 
army,  by  being  driven  through  them.  The  burning  liquids  rushed  out  ot 
iwo  rows  of  small  holes  on  the  upper  jaw  or  lip  :  the  effect  forcibly  re- 
minding one  of  mythic  monsters  from  whose  nostrils  went  forth  smoke, 
and  from  whose  mouths  i.ssued  Hame.  No  provi.sion  is  shown  for  raising 
or  lowciiug  the  jets,  nor  wiis  any  necessary,  for  from  the  elevation  and 
position  of  the  orifices,  troops  among  whom  this  ctujioe  forced  its  way 
could  not  avoid  either  right  or  left  its  fluid  and  scorching  missive.  The 
Txjd  held  by  the  captain  or  leader  is  enlarsjed  and  pierced  or  cloven  at 
its  upper  end,  where  it  is  joined  to  the  bead  :  it  is  apparently  a  lever  by 
which  the  plug  of  a  cock  was  turned  to  open  and  shut  off  the  discharge. 
We  may  suppose  the  passage  was  closed  in  the  present  position  of  tlie 
lever,  and  that  to  open  it  the  manager  pulled  back  the  end  he  grasps, 
until,  like  a  modern  artillerist,  he  became  sufficiently  in  the  rear  to  be 
out  of  harm's  way  when  the  jets  found  vent ;  he  then  could  join  his  asso- 
ciates in  directing  the  monster's  movements.  The  wheels,  as  in  the  last 
figure,  are  represented  solid,  a  feature  undoubtedly  genuine;  for  it  was 
the  uniform  practice  to  attempt  to  stop  the  progress  of  such  war-chariote 
M  had  wheels  with  spokes,  by  throwing  spears,  &c.  between  the  latter 
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Bod  hence  such  wheels  were  sometimes  covered  with  boanb  or  plue*-' 
irnn  previous  to  entering  into  battle. 

The  sword  or  dngj;er-iike  tongue  kept  an  enemy  from  appniachit)| 
too  near  in  front,  wliile  the  flames  prolecled  Iwlh  sides.     It  would  m 
oave  answered  the   purposes  of  tiiis  war-engine  to  have  made  its  sitl 
bon'ent  with  bayonets,  for  ihey  would  have  retarded  iu  progress  by  col 
tact  with  eveiy  obstacle  within  their  reach.    Its  efticiency  depended  cliic 
ly  on  the  velocity  and  precision  of  its  movements,  it  would  tlierofoie  be 
divested  of  every  thing  calculated  to   interfere  with  these.     The  inclina- 
tion of  the  tongue  was   desiirned   to   remove  obstacles  from  the   pall 
Had  the  s|)ike   been  horizontal  it  would  have  traiislixod  objects  it  mi 
with,  and  the  progress  of  the   machine  would  soon  have   been  slopjx 
Tnis  machine  is  apparently  represented  as  in  titnes  of  peace,  for,  uniiki 
most  others  in  the  collection,  nu  signs  of  war  are  delineated  in  the  Ian 
Bcape.     The  fire  was  perhaps  applied  externally,  as  in  iho  case  of  P 
terich,  the  brazen  monster  behmging  to  the  Tyrant  of  Agrigcnturo,  ai 
other  ancient  devices  of  the  kind  :  but  this  part  of  the  subject   is  vo; 
obscure.     Like   chariots  with   swords  and    scythes   fixed    to    them,  sm 
others  with  similar  weapons  revolving  iu  their  fronts,  this  machine  wli 
in  active  service  was  most  likely  urged  forward  by  horses  yoked  behind 
oi  by  a  ii,iinl>cr  of  men  applying  their  force  to  bars  attached  to  and 
dialing''  ♦rom  the  rear — both  ancient  and  very  common  war  devices. 

An   enoimous  Eolipile,  formed  al\er  the  above  paltein.  charged  wil 
influmniabla  lujuicis,  and  ilriven  furiously  an<l  unexpecledly  upon  a  su 
|>er,sliti(nis  foe    must   not  only  have  borne  all   before  it,  like  a  mode 
loconiolivc,  bu'  uiust  have  rendered  opposition  hopeless  until  its  cuntrn 
were  expended. 

The  dimensiotis  of  this  war  dragon  cannot  safely  be  inferred  frutn. 
those  of  the  n:en  attached   to  it,  for   in  most  of  Uie  plates  in  the  worf 
wlien'*e  it  is  taken,  no  kind  i>f  proportion  is  preserved.    Soldiers  raisinj 
ladders  to  scale  the  walls  ofhi^gh  towers  are  often  drawn  sufRcicutly  ti 
to  roach  the  roof  with  their  hands. 

As  the  name  of  a  war  machine,  the  term  dragon  was  continued  to 
fnodorn  times.     It  wiis  early  given  to  pieces  of  OMlnance,  to  devices  re-j 
semliluig  iu  their  attributes  ancient  Eolipilic  monsters.    Culverines  wen 
originally  called   fiory-dragfms.     The    Draconiirii   t>f  the    Romans  b<: 
dragons  on  their  staiidatds  ;  the  Parthians,  Indians,  Persians,  Scythia: 
Aasyriuns,   Normans,  Saxons,  Welsh,  and  all  the  Celtic  and  Golliit  nu 
tions  painted   the  same  thing   upon  their  banners  and  petmons,  aa  Ihal 
Chinese,  Kussians,    Turtars,  &c.  do  nttw.     Modern  dragoons'  have  p: 
bahly  also  derived  their  designation  from  soldiers  who  formerly  mana?eil 
Eolipilic  dragons,  as  in  the  preceding  figure  ;   the  name  being  presen'ei 
in  war's  vocabulary  after  the  office  and  instrument  were  forgotten.    Ur-i 
dent  of  chivalry  were  named    after  the  dragon,  and   hera4dry  abouniis 
witli  its  figui«s. 

l.et  UB  now  turn  to  the  history  of  the  Goths,  by  Olaus  Magnus.  (Bi 
ed.  lo67.)     The  fourth  chapter  of  the  ninth  book  is  headed,  "  De  arti 
equis  ignivom'ti " — " Of  brazen  horses  that  vomit  fire."    The  materials  • 
the  chapter  are  condensed   from    the   History   of  the   Danes,   by  Sax 
Gramniaticus,  a  writer  who  flourished   A.  D.  1140.     The  principal  inci' 
dent  relates  to  tljts   sLratngetic  skill  of  an  old  king,   Itrgncrut,   who  w 
eventually  put  to  death  by  bio  sons,  Daxon  and   L)ian.    On  one  occssiol 
•he  two  rebellious  brothers  invaded  their  fathet's  kingdom,  having  be 
furnished  f<ir  the  purpose  with  a  large  army  by  king   Kuthenus,  wl 
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i.^htitn  they  had  married.  Alarmed  at  tlie  miqhty  forces  brought 
■ea>iidt  him,  He i^nerus  ordered  a  number  of  brazen,  tire-breathinij;  hordes 
to  lie  secured  ou  chariota,  and  whirled  suddenly  into  llie  densesi  body 
of  his  enemies.  The  manoeuvre  succeeded,  and  his  unnatural  sons  were 
pat  to  lli^hl.  It  appears  thai  the  chariots  and  their  burdens  were  ex 
oeediogly  massive,  since  they  overwhelmed  whatever  opposed  them 
We  add  the  passage  at  large  from  Saxo.  It  will  be  perceived  that  he 
is  sileiit  respecting  the  firtwomiting  faculty  of  the  metallic  chargers, 
Uiouzli  that  w!is  clearly  implied  in  the  opinion  of  the  Gothic  historian  ; 
ati  opii  ion  that  can  liardly  be  (juestioned. 

Piist  haec  Regnerus,  expeditionem  in  Hellesponiicos  parans,  vncata- 
qu0  Danonim  concione,  saluberrimas  se  populo  leges  lalurura  prumit- 
tens,  ut  unus(|uis(|ue  paterfamilias,  secut  ante,  quern  minimi  inter 
Hberos  duxerat,  militaturum  oxhiberot,  ita  tunc  valentiuris  opens  filiuiu 
aut  probatioris  fidei  servum  armaret,  edixit.  Quo  facto  on)nibus,  quoa 
ex  Th(»ra  procrevisrat,  filiis,  pneter  ubbonen,  assumptis,  Hellesponium 
ejus(|ue  reijom  Dian  variis  contu,'<um  bellis  lacessendo  pcidomuit.  Ad 
ultimum  eundom  creberrimis  discriniinibus  irojilicatura  extiiixit.  Cujus 
filii  Dian  et  Daxon,  oliin  Ruteni  regis  filias  maritali  soile  complex!,  im- 
petratis  a  socoro  copiis,  ardentissimo  spirilu  palenia;  vindictas  negotium 
rapucnint.  Quonim  Regnerus  imniensum  animndveriens  exercitum, 
dinidcntia  copiarum  habita.  rqutjs  a-nros  duclilibus  totalis  superpositi«  ac 
versatilibus  curriculis  circumductos  in  coiifeitissimos  hostes  maxima  vi 
exagitari  pnecepil.  Quae  res  tanluni  uii  laxHTidum  adversiiriorum  aciem 
valuit,  ut  vincendi  spes  magis  in  marliinamcntu  ijuam  milite  reposita 
viduretur,  cujus  inlolerabili.'*  moles,  «|uici]uid  inipulil  obruit.  Allero 
ergo  ducuin  interfecto  altero  fuga  sublajiso,  universus  Hcllisponlicorum 
cessit  exercitus.  Scithce  qu(>(|ue,  Daxon  arctissimo  luaterni  sanguinis 
vinculo  contingentes,  eodeni  obstriti  disCrimine  refuruulur.  Quoruni 
provincia  Witserco  altribula,  Ruteiiorum  reg.  pamm  viribus  iidens,  for. 
midolosa  Regneri  arnia  fuga  priecurrere   maturavit. 

[Sftso  Gnuunjuicl  Itisiortn  thtnln.     K'litcd  by  P.  K.  MuUrr    Cuprnhn^^en.  ]K19.    Liber  ix.  p.  45&.1 

In  B  note  on  the  Equos  Jvneos,  the  editor,  not  knowing  that  9U'»S 
thtnga  had  ever  been,  oosei  ves,  "  commentuni  ne-'cio  unde  petilum." 
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No,  iw.  Kolipilic  War-Kngini  ►. 
The  cut  No.  290  IS  coplfil  from  the  rude  illustnitions  of  the  foi.ilh  and 
fifth  chapters.  Book  ix,  of  Ulaus  Magnus.    A  figure  <if  one  of  the  lirHzco 
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liotaM  ia  in  the  Ibroground,  but  u  luiul  it  is  • 

|Mrfaaps  duigned  by  the  illiiattUor  oS  the  Gkidue     _^ 

die  meagre  dlBacription  iu  pages  or  thoae  of  Saxo  aSbid.  Nodngii^ 
wte  can  be  derireu  fntm  it  which  the  text  doea  not  <"»-'■*■  NeiAv^ 
carriage  nor  ita  load  comes  up  to  the  deacriptioa  :  the  wotda  implyl^ 
the  images  bad  some  elastic  and  levolving  macfaauani  of  their  ow%  ol 
venatile  chariots  meant  something  mora  thaaeommoa  carta. 

The  fifth  ch^ter  (Book  ix)  is  on  dto  same  salgect,  aad  l»  ttt  Att. 
•  Vincentius  in  Spec.  Histo.  L.  xzxi.  C^p.  10.  aasetti  that  the  Uigaf  lb 
Indian^  commonly  called  Preater  John,  being  attaeitad  ^  a  m— M 
army  of  Ethiopian  Saracena,  enemiea  aS  the  chriatiaa  &ith,  ilnliiii 
btmaelf  by  a  stratagem  not  unlike  that  i^Regaenia,  £or  he  aMdeoyfv 
tmaga  of  mm  and  mounted  each  upon  a  hone.  Bahinci  every  imga^a 
a  man  to  govern  it,  and  to  blow  with  a  bellowa,  thxuogfa  InleB  made  tm 
die  puipoae,  on  fumid  materials  inaerted  beforahaod  into  the  body  af  tb 
iaaage.  Provided  with  a  large  number  of  these  he  proceeded  vigonMb 
against  his  euemiea,  whom  Vinceutiua  calls  Uongida  or  Tartan.  Tit 
mounted  images  being  ranged  side  by  side  in  front  of  the  hoMik  mm, 
ihetr  manageis  wera  directed  to  advance,  and  when  arrived  williia 
abort  distance  of  the  file  to  commence  blowing  with  their  boBoat  At 
amoking  fire  «-ithin,  and  with  a  continual  blast  to  fill  the  air  with  dnfc* 
■ese— the  consequences  of  which  were  that  many  of  the  invaden  raa 
aUa  and  others  took  to  sudden  flighL  Laige  nnmben  of  hiiimauiju  mk 
iKWsea  were  burnt  to  death  aud  some  reduced  to  aahea  bg  GnAJbi, 
eompoaed  of  the  following  ingredients,  by  the  artificeri  of  PtmtaK  Jain 


Aspaliui,  eepu.  diainuitmn,  pis  qaoqae  Gteca^ 
Snlpkar,  Tcnieis,  de  pctrolioqooqae  tnn, 
74enai\i,  nl  fxntMBm  Gtwti  dieitar  igvB. 
*■*    '    *  -    *  hat .  Sulpiior,  prlroliam,  colopho,  re»i,  letrbtnthi, 

Aspaltnjt,  eamphofm.  Bcpta,  aniKi,  beaeilietiim.* 

M«j!t:-.»  could  make  nothing  out  of  these  old  poetic  recipes.  He  tboiusi 
k  wou'itl  be  a  vain  task  to  attempt  their  explanation,  and  wicked  to /arm 
the  iiiventiiHi.  He  seems  to  have  been  of  an  opinion— once  heartily  eat»> 
taioisl — thit  the  souk  of  the  authora  of  Greek-fire  and  gunpowder  wen 
reapins;  tiieir  appropriate  rewards  in  perdiliun.  doomed  fiir  ever  to  taiae 
of  torments  which  their  "devilish  devices"  inflicted  on  others.  Vincei- 
tiu».  or  Viuoent  De  Beauvais.  was  a  learned  monk  of  the  13th  oentmy, 
atnl  Moe  of  the  miet  voluminous  writers  whose  works  furnished  empkif- 
ment  Co  the  tirst  nee  of  printers.  He  died  about  1260.  His**Speculaa 
Histori;ii<L- "  n-ds  printed  in  1473.  The  mmit  striking  incident  drawn  few 
it  by  Cue  i.»':hio  writer  we  quoted  at  page  400.  from  Carpini,  a  oootem- 
porary  ai>.>nk.  whv«  n<r>!au  his  travels  in  1245.  and  to  whom  he  of  Beaaiaii 
was  ni<>»t  likely  tnaeofed  tl>r  it. 

It' the  reader  w::l  .vw  tiiok  a«ain  at  the  last  cut  he  wiD  find  on  the 
Isiok  t;i\>iind  a  mluiature  of  one  of  the  brazen  horsemen  in  the  act  of 
atcaokiuv:  the  Monijols.  anJ  with  a  Uving  soldier  on  the  crupper  par 
f.iraiinv;  his  pi.2\  ot  the  business  with  bellowa.  There  is  certainly  an  ur 
vtf  rvKU;ino>  aK-u'  these  fi^re^t ;  but  accounts  of  them  reaching  ns  throng 
Jw;es  auJ  .!•.>(  oeds  of  legends,  might  be  expected  to  be  loaded  with 
apivrypbai  matters.  Of  the  mun  feature.  Uwt  of  ejecting  Same  aai 
smoke.  there  is  o>y  rot>m  to  qoestioa.  since  it  is  corroborated  by  oU 
writers  v>a  v.ireek-cire.  by  the  bream  hones  of  Saxn,  and  the  |HecediBg 
figures  in  this  supplement.    But  Carpini's  relatioo  doea  not  aanrat  at 
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much  of  poetry  as  may  be  supposed.  The  pnncipal  difficulty  is  in 
mouiiiiiig  the  images  on  natural  horses;  but  this  is  not  a  necessary  in- 
fereuce.  They  may  have  been  artificial  as  well  as  their  automaton 
riders — and  we  believe  were  so^were  secured,  like  those  mentioned 
by  Saxo,  on  carriages,  and  behind  them  the  bellows-blowers  were  loca- 
led.  If  this  is  not  what  Carpini  meant,  we  should  say  he  misunderstood 
his  informant.  Living  horses,  with  flames  roaring  and  rushing  from  ori- 
fices close  to  their  eyes  and  earc,  would  be  as  likely  to  be  afTrighted  as 
those  they  attacked  :  however  drilled,  they  couKl  not  in  such  circumstan- 
ces be  managed  without  difficulty  and  without  requiring  the  whole  at- 
tpntiou  of  their  riders,  but  the  latter  were  entirely  engaged  in  urging  the 
fires  at  the  most  critical  periods  of  the  charge,  leaving  the  animals  to 
purnue  the  right  course  of  themselves.  We  presume  the  metalline  ima- 
ges were  a  S{>ecie8  of  Hippocetitaurs,  the  flames  issuing  from  the  hu- 
man bust,  and  the  fluid  and  other  materials  contained  in  the  spacious 
abdomen  below. 

It  is  said  these  equestrian  images  cast  forth  G  reek-fire ;  were  they 
then  Eolipiles  ?  mounted  Pusterichs  ?  i.  e.  were  they  charged  with  li- 
quids, or  with  dry  subiitances,  which  once  ignited  continued  of  them* 
selves  to  burn  until  the  whole  became  expended  ]  From  the  want  of 
specific  information  it  is  difficult  to  arrive  at  a  definite  conclusion  on  this 
point.  The  evidence,  however,  preponderates  in  favor  of  their  Eolipi- 
lic  character.  Had  the  contents  been  a  composition  similar  to  any  thing 
used  in  mcKlem  pyrotechnics,  what  need  of  fire  to  heal  them  and  of  bel- 
lows to  urge  the  fire  1  How  did  the  flaming  stream  continue  to  issue 
from  its  orifice  with  unabated  force  as  the  material  diminished  within, 
K*  it  sank  far  below  the  place  of  exit  ?  Would  not  the  image  be  liable 
to  explode  ere  its  contents  were  half  emptied  1  If  not,  why  have  me- 
tallic images]  Those  of  fragile  materials  would  have  done.  Again,  the 
reaction  of  the  jet,  like  that  of  a  rocket,  would  require  no  small  force  to 
be  overcome :  it  would  be  very  apt  to  shoot  the  brazen  warriors  back 
among  their  ft-iends,  instead  of  their  carrying  destruction  among  their 
foes.  But  not  one  of  these  objections,  and  others  which  might  be  named, 
apply  to  Eolipiles — to  a  liquid  di.scharged  by  the  elasticity  of  its  own 
vapor,  or  the  vapor  itself  thus  shot  forth.  With  these  instruments  thu 
employment  of  fuel  was  necesary  and  the  ap])lication  of  a  blast  in  time  of 
action  important  if  not  indispensable.  Bui,  what  is  more  to  the  point, 
Greek-fire  was  a  liquid.  See  p.  307,  8.  Mcyrick,  in  his  account  of  ancient 
armor,  gives  its  composition  from  an  author  of  the  time  of  Edward  III. 
Several  ingredients  enumerated  are  mentioned  in  the  preceding  re 
cipes  from  Vincentius : — An  equal  quantity  of  pulverized  rosin,  sul 
phur  and  pitch  ;  one  fourth  of  opopauax  and  of  pigeons'  dung  well  dried, 
wore  dissolved  in  turpentine  water,  or  oil  of  sulphur:  then  put  into  a 
close  and  strong  glass  vessel  and  heated  for  fifteen  days  in  an  oven,  afler 
which  the  whole  was  distilled  in  the  manner  of  spirit  of  wine,  and  kept 
for  use.  Another  account  makes  it  to  consist  chiefly  of  turpentine 
water  (spirits  of  turpentine)  slowly  distilled  with  turpentine  gum.  It 
was  said  to  ignite  by  coming  in  contact  with  water. 

Two  distinct  modes  of  dispersing  the  horrible  fluid  are  mentioned ; 
one  by  forcing -pumps,  the  other  by  "bloiving"  it  through  tubes  and 
from  the  moutns,  &c.  of  metallic  monsters.  The  former  is  noticed  in 
connection  with  naval  warfare,  and  the  latter,  if  we  mistake  not,  was 
chiefly  employed  in  conflicts  on  land.  Any  one  can  see  how  difficult  it 
would  be  fbr  soldiers  promptly  to  apply  pumps  in  the  confusion  of  bat 
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tie.  Appaialus  oqual  to  uur  (ire-engines  wouid  have  been  uf  little  ofioc^ 
fi>r  the  jeta  could  but  feebly  he  suntained,  and  worse  directed  while  tho 
reservoirs,  ensjines  atid  men  were  in  molinn,  whirling  hilher  and  thither, 
now  advancing  and  anon  retreating.  We  read  also  of  jTurtable  "  */yV'</n<j" 
being  aUo  used,  but  these  and  the  necessary  vessels  lu  hold  tbi.  liquid 
were  still  less  likely  to  be  effeclivo  except  on  bhips  in  close  combat ; 
wheieto  keep  up  conQagrations,  the  Quid  cnuld  be  ejected,  cold  and  uu- 
ignited,  on  pails  already  kindled — as  if  our  engiues  were  to  be  einplovod 
to  lanch  oil  or  turpentine  on  objects  already  in  Hamcs.  On  sbiptxtai^, 
the  reservoirs  were  always  at  hand,  and  both  men  und  the  tixed  puinjia 
ihey  worked  relatively  al  rest,  and  moreover  protected  either  between 
dtjcks  ur  in  equally  secure  locations,  so  thai  one  or  two  individuals  vilune 
sufficed  to  direct  the  fiery  streams  over  a  galley's  bow  or  »ides,  and 
through  flexible  or  jointed  ajutages. 

Tho  expression  "  hloicit  through  tubes,"  &c.  cuuld,  of  course,  have  no 
reference  to  any  thing  like  the  sarbacon,  nor  to  any  ctnploymeut  of  hu- 
man lungs.  No  adequate  and  no  continuiius  force  could  have  Inien  ob- 
tained except  by  artificial  means,  and  of  those  by  none  so  readily  as  by 
the  Eolipile.  That  this  instrument  was  iulendeJ,  the  figures  in  the  cut 
strongly  indicate.  If  the  vaijor  of  the  fiery  liquid  was  ejecte<f,  wc  know 
that  nothing  else  could  have  answered.  But  both  the  idea  and  expression 
are  used  at  this  day  with  respect  to  modern  l^olipiles  :  engineers  "  blow 
off"  steam  by  opening  a  safety  valvie  or  other  aperture  of  a  lx>ilcr;  and 
when  one  of  these  explodes,  on  shore  or  afloat,  how  often  is  it  said  of 
mLssing  individuals  and  objects,  they  were  "blown  overlxjard" — or 
"  blown  to  such  and  such  distances."  On  a  review  then  of  the  particu- 
lars that  have  reached  us  respecting  the  famous  Greek-lire,  it  seems  thai 
the  machinery  for  cjeciiug  it  on  shipboard  was  a  species  of  pump;  and 
on  land  by  hirge  boilers,  guspt;ndcd  on  wheels  and  driven  by  hor»es  or 
men,  made  in  fantastic  forms  of  men  aud  animals,  fiom  whose  mouths 
the  flaming  torrents  were  ejected,  I'his,  ancient  n-riters  have  asserted, 
and  the  figures  we  have  given  confirm. 

That  U  reek-fire  was  rather  the  revival  of  an  old  thing  than  tho  dis- 
covery of  a  new  one,  and  'hat  both  the  fire  and  the  machines  for  dis- 
persing it — Eolipilic  devices  infinitely  more  grotesque  than  any  figured 
on  these  l>ages — Avere  known  in  extremely  remote  limes,  is,  we  niiuk, 
pretty  clear.  Under  this  impression  some  further  remarks  are  submitted 
with  tb.e  view  of  eliciting*attenlion  to  a  curious  and  interesting  subject 
of  archeological  rescarcl>— <ine  which,  it  will  be  conceded,  ajtpctirt  U) 
reflect  light  on  old  legends  as  well  as  on  old  Golipiles. 

The  history  of  idolatrous  and  other  Eolipilic  automata  is  lost  or  per- 
haps never  was  written,  und  now  the  oppoilunify,  the  materials  .iiid  men 
for  preparing  it  are  gone;  the  requisite  knowledge  did  not  sufKcicplly 
transpire  bey<md  the  walls  of  temples,  and  even  iheio  was  confined  to  j 
privileged  few.  Such  a  record  ctjuld  only  have  been  furnLshed  by  those 
who  had  every  earthly  inducement  to  suppress  it — by  men  whose  j  liraie 
labors  wore  devoted  to  disguise  the  elsinents  of  deceptive  devices  they 
employed,  and  whoso  piiWic  adininislralions  still  further  concealed  them. 
It  may  ihorefore  be  concluded  that  such  an  expose  was  never  ma«Ic,  or, 
if  made,  religiously  reserved  fur  the  perusal  of^  heads  of  colleges  or  the 
eyes  of  arcli'-mngicians  alone.  It  is  to  be  regretted  that  so  valuable  ■ 
fund  of  hidden  knowledge,  of  mechanical  and  chemical  c«<mbiimlions,  ol 
•ingutar  discjveries  aud  iuveutionu;  a  bibliotheoa  for  philosophci?  uiJ 
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artisans,  illustrating,  probably,  every  branch  of  ancient  science  and  ex 
posing  the  secret  workings  of  some  of  tlie  shrewdest  spirits-  of  antiquity- 
should  be  lust.  It  would  have  enabled  us  to  repeat  staple  tricks  of  Baby> 
Ionian  sorcerers  and  so<iihsuyer8,  and  would  have  placed  us  in  a  more 
favorable  position  for  observation  than  was  Pharaoh  when  he  commanded 
"the  magicians  of  Egypt  and  tbc  wise  men  thereof"  to  exhibit  their 
■kill  in  his  presence. 

It  is  with  Eolipiles  as  with  other  materiel  of  old  jugglers.  The  few 
broken  8i>ecimens  and  straggling  notices  which  have  come  down  are  in- 
teresting but  unsatisfactory ;  they  tantalize  with  a  sip,  and  make  the 
mouth  water  for  more,  provoking  a  thirst  which  they  cannot  allay.  That 
these  instruments  are  of  u  very  high  antiquity  is  undeniable,  and  that 
they  were  occasionally  used  to  eject  inflammable  fluids  for  deceptive 
and  destructive  purposes  is  equally  certain.  The  resemblance  in  the 
forma  and  functions  of  those  we  have  figured  to  mythological  fire-spout- 
ing monsters,  is  too  stnking  to  esca)>e  observation.  And  is  there  any  ab- 
surdity in  supposing  both  were  artificial ;  that  the  latter  were  literally 
what  they  aic  described  ;  and  that  stories  of  dragon-killing  heroes  are 
not  quite  so  romantic  as  thuy  appear  1  A  literal  interi>retation  of  such 
matters  may  a|H>ear  j>reposterous,  but  a  slight  view  ot  the  subject  will 
convince  unprejudiced  minds  that  it  is  not  half  so  absurd  as  many  receiv- 
ed metaphorical  solutions,  nor  is  it,  like  them,  embarrassed  with  insur- 
mountable difiiculties ;  on  the  contrary,  it  renders  things  intelligible 
which  paleologists  have  not  ventured  to  explain,  and  which,  without  in- 
ference to  £olipilic  automata,  we  presume  they  never  can  explain— 
things  so  bizarre  they  know  not  what  to  make  of  them.  But  once  admit 
they  were  what  they  pretend  to  be,  and  there  is  little  difficulty  in  receiv- 
ing them ;  interpret  them  by  some  other  rule,  and  we  are  at  once  cast 
adrift  on  the  ocean  of  conjecture. 

Admit  that  mythic  characters  obtained  celebrity  from  battling  with 
Eulipilic  opponents ;  that  some,  at  least,  of  the  dragons  and  many-headed 
monsters  of  antiquity  i)erfornied  actions  ascribed  to  them — belched  out 
smoke  and  flame,  shrieked  and  growled,  and  on  the  approach  of  strangers 
or  "curious  impertinents"  shook  themselves,  sprung  from  their  caves, 
(|hey  were  commonly  and  for  good  reasons  located  in  dark  places)  often 
destroyed  those  who  attacked  tirem,  and  sometimes  disappeared  in  sudden 
biirats  of  thunder  and  amidst  showers  of  thunderbolts-^— very  much  as 
their  descendants,  the  steam-dragons  of  the  present  day,  uJibrtunately 
now  and  then  do.  Admit  this,  and  jmssages  in  history,  poetry  ond  tradi- 
tion, hitherto  inexplicable,  become  recitals  of  facts  ;  enibarrii8«-ing  enig- 
■nas  arc  unriddled,  and  the  supposed  oflspring  of  fancy  are  fornd  sober 
children  of  truth.  That  Greek  and  Roman  writere  did  not  perc«>ive  this 
is  little  to  the  point,  since  they  do  not  apjjcar  to  have  been  aco  tainted 
with  fighting  Eolipiles ;  they  were  therefore  necessarily  at  a  los '  to  ex- 
plain, except  by  meta])hor,  conflicts  between  these  machines  and  heroes 
uf  ancient  daw.  But  the  presiding  spirits  at  Eleusis  and  Delpiios  could 
have  furnished  the  clew,  and,  had  it  suited  their  views,  could  have  illus- 
trated the  entire  series  of  fire-breathing  monsters,  by  reference  to  their 
own  collections ;  for,  as  before  remarked,  Eolipiles  went  from  the  nltar  to 
the  field. 

In  those  remote  times,  when  superstition  reigned  paramount,  whf<n 
common  objects  and  events  were  construed  into  omens  and  urcxnmou 
ones  were  looked  on  as  prodigies,  the  defeat  of  an  army  by  fire-brcalMng 
warriors  woidd  form  an  epoch  in  baibarion  annals;  exaggerated  dcscrip 
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TYPHOI», 

Here  is  a  description  of  Typhon,  the  most  famous  of  figbtiug  giai  tr. — 
can  ii  be  doubted  that  he  was  a  genuine  Pusterich  t  "  He  had  name- 
roue  hexda  tesem'jliiig  those  of  serpents  or  dragons.  Flames  of  devour- 
ing lire  rushed  hissHg  from  his  mouth  and  eyes  ;  he  uttered  horrid  yells 
like  the  diss  jt;  ant  shrieks  of  difiercnt  animals.  He  was  no  sooner  bom 
than  he  waned  with  the  gods  and  put  them  to  flight."  Not  a  circum- 
stance is  here  mentioned  that  does  not  accord  with  his  alleged  artificial 
character,  and  there  are  few  others  which  do  not  harmonize  with  it. 
He  went  to  battle  as  soon  as  bom,  that  is,  as  soon  as  he  was  made.  The 
whole  family  was  said  to  be  "  earth-bom  " — the  members  rising  out  of 
the  ground  completely  formed,  &c.;  indications  of  their  g^ross  not  ideal 
nature,  of  their  secret  construction  in  subterranean  workshops — the  lat- 
ter a  precaution  essential  to  the  recognition  of,  and  belief  «  their  super 
itatural  origin. 

She  sings,  from  earth's  dark  womb  how  Tjrpbon  rose, 

Aod  struck  with  mortal  fear  his  heavenl;  toes. — [Ovid,  Met.  v.] 

The  name,  Typhon,  is  derived  from  a  word  signifying,  "  to  tmoke." 
The  goddess  oi  night  was  the  ni«)ther  of  monsters ;  an  enigma  beau- 
tifully expressive  of  the  secret  fabrication  of  Eolipilic  imagery.  Typhon 
and  his  brethren  were  moreover  sons  of  Tartarus  as  well  as  of  Terra — 
were  brought  forth  of  earth  by  the  assistance  of  hell — a  trait  still  further 
significative,  and  particularly  of  the  element  by  which  they  were  anyna- 
ted,  that  from  which  their  terrors  were  derived.  Demons  they  were  it! 
ahape,  occupations  and  attributes ;  in  the  torments  they  inflicted  and 
the  victims  they  slew  ;  tangible,  and  the  most  perfect  representations  of 
evil  principles  and  passions.  The  paternity  of  these  monsters  is  the 
same  as  that  given  to  modern  ordnance,  so  true  it  is  that  similar  things 
ever  produce  the  same  ideas.  A  thousand  times  have  guns  and  gun- 
powder been  described  as  infernal  inventions,  as  conceptions  injected 
by  demons  and  matured  by  their  influence. 

Does  the  idea  seem  too  gross  for  contending  gods  and  demi-gods  to 
fight  with  Eolipiles  ]  Let  it  be  remembered  that  Milton  could  hnd  no 
warring  engines  so  appropriate  for  Satan  and  his  hosts  as  artillery,  in 
fact,  poets  can  only  arm  mortal  or  immortal  warriors  with  weapons  and 
agents  that  are  known,  although  they  may  exaggerate  them.  ^11  sym- 
bolic imagery  must  be  derived,  directly  or  remotely,  from  earthly  tyj)e8. 
The  author  of  Paradise  Lost  necessarily  followed,  in  this  respect  also, 
the  old  mythologists  he  ci/pied,  and  as  "  fiery  monsters,"  whether  gtma 
or  Eolipiles,  are  not  in  th^ir  nature  and  effects  much  unlike,  we  find 
little  difference  in  ancient  poetic  descriptions  of  one,  and  modem  poetic 
descriptions  of  tiie  other.  Indeed  they  might  oflen  be  interchanged  with- 
out detection.  The  monsters  described  by  Milton  as  mounted  u)>on 
wheels,  wli*>se  mouths  with  hideous  orifices  gaped,  and  which,  with  im- 
petuous fury,  l)elched  from  their  deep  throats  chaiiied-thunderbolts  and 
iron  hail,  are  thr,refore  no  stronger  proofli  of  guns  and  gunpowder  being 
known  during  the  English  Commonwealth,  than  are  fire-breathing  liy 
brit'<j  of  mythology,  of  the  early  use  of  Eolipilic  eng^ines. 


THE  COLCHIAN  BULLS  AND  DRAGON. 

If  we  turii  to  later  examples  we  shall  find  circumstances  leaking  out 
v.hich  betray  the  artificial  character  of  mythic  monsters.  T^\&  Argo. 
oautic,  like  all  early  expeditions,  was  of  a  piratical  nature.    Jts  object 
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m^r*^ 


'he  Cdlchian  treasury,  or  the  "  golden  fleece,"  a  term  in  ancient  Syriu 
implying  treasures  of  pilcl.  These  were  protectetl  by  a  dragon,  and  by 
Iwii  brazen-lKiriied  and  hoofed  bulls,  which  flashed  from  their  moutiu 
and  nostrils  fliimea  and  smoke.  As  usual,  they  were  located  at  the  en- 
trance of  a  cave. 

"  Thiclc  smoke  lhe\r  sviUrraneous  home  proclaims; 
"  Krom  their  broail  QO>triis  pour  the  rolling  flames." 

[Apnl/oniiui,   L.    Hi.) 

The'  daughter  of  jEetes  (the  Colchian  king)  becomes  enamored  of 
it****'*-  Jason.  The  livers  swear  eternal  fidelity  to  each  other;  and  to  save  the 
/■  ^/adventurer's  life,  Medea  explains  to  hiin  the  .«ccret  of  the  monster'i 
/»*"  '^  ji;wors.  Thus  informed,  and  furnished  with  an  ointment  to  protect  liit 
fcce  and  hands  from  the  sinjsjeing  iilast  at  the  onset,  he  approached  with 
a  smiling  countenance,  as  well  he  might,  and  quickly,  to  the  chagrhi  of 
the  monarch,  subdued  the  "  brazen  "  mimsters.  If  any  doubt  remains  re- 
specting the  true  character  of  this  transaction,  it  is  greatly  if  not  wholly 
removed  by  the  subseriuunt  conduct  of  Medea.  She  every  where  evin- 
ces familiarity  with  the  ]>rinciples  of  the  Eolipile — with  secret  applications 
of  fire,  steam,  sulphur,  inHainmable  fluids  and  explosive  ci>mpositi<m» 
(See  pago  120.)  By  the  adroit  use  of  these,  which  she  introduced  intc 
Greece,  she  became  celebrated  as  the  most  expert  enchantress  of  an- 
tiquity.  It  wa.s  by  a  clever  but  diabolical  trick  in  Pyrotechnics  she  de- 
stroyed Creusa,  while,  further  to  Ihj  revenged  on  her  unfaithful  husband, 
she  contrived  to  set  his  palace  in  flumes  and  then  disappeared  in  a  cha- 
riot drawn  by  winged  dragons'. — probably  some  startling  pyrotechnic 
device  learned  from  the  magicians  at  her  father's  court,  and  un4er  the 
cover  of  which  she  witlidruw;  unless  we  are  to  suppose  she  was  blown 
up  by  the  explosion  of  one  of  her  own  caldrons  or  conipotinds. 

There  is  no  impnibaoilily  in  the  supposition  that  attempts  at  flying 
were  stunewhat  frequent  in  remote  ages,  and  that  jugglers  and  artisti 
like  DaMhilus,  did  then,  as  in  subsetjiient  times,  get  up  exhibitions  of  the 
kind  ;  but,  be  this  aa  it  might,  it  may  be  taken  for  granted  that  so  export  a 
pyrotcchni.'tt  as  Medea,  was  at  no  loss  in  sending  up  a  chariot  witb  an 
artificial  representation  of  herself,  on  the  same  principle  as  such  things 
have  been  done  from  time  immemorial  in  India  aii<I  among  the  Chinese. 
They  wore  common  a  few  centuries  aijo  in  Europe.  Like  most  old 
writers  on  fire-work»,  .lohn  Bate  giv»s  directi<m8  how  to  make  "fire- 
drakes"  and  "flying-dragons."  The  latter  were  to  be  constructed  ol 
ribs  of  light  and  dry  wood,  or  with  whalebone  "covered  with  ranscovie 
gla-sso  and  painted."  They  were  to  be  filled  with  "  petrars," — fiery  ser- 
pents wore  attached  to  their  wings,  wliicli  were  arranged  to  shake  when 
the  monster  moved.  A  sparkling  composition  was  to  burn  at  the  mouths 
and  tails,  and  one  or  two  larae  rovkrtx  were  to  be  attach-'d.  "  arc.irding 
to  the  bignesse  anil  weight  of  each  dragon."  The  trick  of  Simtm  Mnguo, 
in  pre!«cnce  of  Claudian  or  Nero,  was  perhaps  allied  to  that  by  which 
the  Colchian  enchantress  astrmnded  her  adopted  countrviiien.  Giving 
out  that  lie  wimJd  prove  his  divinity,  or  his  alliance  with  the  gods,  hy 
flying,  he  appeared  at  the  appuinte<i  time,  as  the  story  says,  on  the  top 
of  a  high  lower,  whence  he  flung  himself,  (or  an  artificial  subsritufe,) 
and  floated  for  some  time  in  the  air,  supported  by  demons  or  liniaoH*, 
The  latter  no  doubt  as  real  as  the  hu<re  scarabeus  which  Dr.  .lohn  Dee, 
Btate-conjnrer  to  Elizabeth,  made,  and  which  flew  ofl*  with  a  man  on  iti 
back,  and  took  a  basket  of  provisions  for  the  journey. 

'►ricntai  literature  is  laden  with  aerial  exploits  of  this  nature — ofei»- 
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clmt  n,  who  like  Me<1ea,  or  Urganda  in  Amadis  de  Gaul,  tran8fM)rted 
men  chixjugb  the  air  on  artificial  serpents  and  draeutis,  and  of  conflicts  be- 
tween knights  and  monsters.  But  for  the  loss  of  those  volumes  on  "  cu- 
nouB  arts," — the  pile  of  magical  books  burnt  at  Ephesus — (Acts,  xix.  19.) 
many  an  ancient  and  modem  pn)digy  might  have  been  explained.  We 
know  with  what  ardor  marvellous  tricks  and  stories  were  devised  and 
concocted  in  the  middle  ages,  and  with  what  avidity  gaping  multitudes 
mccivcd  them.  Even  at  this  very  day  similar  tricks  are  played  ofl°  suc- 
cessfully by  monks  to  unsuspicious  congregations.  Is  it  any  wondei, 
then,  to  find  pagan  boors  in  Roman  times,  and  others  in  the  darkest  oi 
mythic  epochs,  dupes  to  expert  jugglers  ?  We  may  regi'ct  the  infatuation 
of  remote  ages,  but  we  should  not  forget  how,  in  comparatively  late 
days,  traditions  arose  and  swelled  in  wonder  as  years  rolled  over  them, 
and  how  mechanical  devices,  simple  in  themselves,  but  not  comprehend- 
ed by  the  public,  were  metamorphosed  into  suj)cniatural  production.^, 
which  increased  in  mystery  and  magnitude  as  the  times  when  they  were 
contemplated  recede«l  from  those  of  their  birth.  Had  printing  not  been 
introduced  we  might  have  competed  with  the  ancients  in  prodigies,  and 
prodigies  as  fully  believed ;  for  there  are  few  old  examples  derived 
fi-om  tangible  mechanism,  or  pure  phantasma,  that  have  not  been 
imitated  by  mfidern  mani:facturers.  But  alus  for  these !  the  revival  o. 
letters  is  the  hane  of  their  fame.  Strijiped  of  their  borrowed  garments 
they  stand  before  us  as  ordinary  mortals — a  predicament  most  of  their 
predecessors  would  be  in,  had  we  equal  facilities  to  disrobe  thom. 

The  manner  of  taming  the  dragon  at  Colchis  is  characteristic.    It  was 
tlie  work  of  Medea  rather  than  of  .lason,  accomplished  privily,  and  at 
midnight.   Instead  of  instructing  the  leader  of  the  Greiian  adventurers  ^jir 
to  attack  it  as  he  attacked  tiie  bovine  monsters,  armed  with  his  faulchion  j^, ,, 
and  club — a  species  of  combat' that  might  have  alarmed  the  palace,  she  . 
mdopted  a  process  more  quiet  and  equally  effective ;  in  fact,  just  such  va\. 
one  as  might  have  l)een  expected  from  her.  f 

"  To  make  the  drason  sleep  thai  never  ."lept. 
Whose  crest  shocis  dreadful  luslre ;  Irom  his  jaws 
A  triple  tire  of  forked  stings  he  draws. 
With  fanzs  and  win?s  of  a  prmlisiuus  size: 
Such  was  the  guardi^tn  of  (he  gulden  prize. 
Yet  him,  beijrrinklctl  rith  Lrihiran  dev. 
The  fair  eDchanir-sA  inio  tlumier$  tlireir."    [Mel.  vii.] 

That  is,  in  unadorned  prose,  she  turned  or  threw  on  th/.-  concealed 
lK>iler  and  furnace  a  shower  oi' colii  trfiter ;  and  thus,  without  injuring 
the  drajpin,  sent  him  as  effectually  to  sleep  as  a  steam-engine  is  without 
steam — the  very  device  which  has  been  recommended  to  render  harm- 
less a  boiler  when  ready  to  exjjjode. 

The  incident  mentioned  by  Apolkmius  of  the  dragon  hissing  so  hor- 
ribly and  loud,  when  the  two  lovers  approached,  as  to  cause  neighboring 
forests  to  echo  back  the  sound  and  make  distant  people  start  in  their 
dreams,  is  pure  hyperbole :  if  modified  to  an  ordinary  growl  it  is  hardly 
reconcileable  with  what  be  just  before  narrates  of  the  lady  being  so  cau- 
tious of  awakening  the  numerous  palace-guards  as  t  >  escape  through 
by-paths  barefoot.  Sensible  of  the  solecism  .he  in  the  next  breath  as- 
cribes the  undisturbed  repose  of  .^etes  and  his  family  to  magic.  It 
would  however  be  futile  to  attempt  to  extract  unadttlterated  truth  in 
every  particular  from  labored  fiction,  and  particularly  in  dragon  history, 
to  make  out  wheie  trtrth  and  fable  meet,  where  "'«  begins  or  the  other 
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anda.  Facts  w<iveM  up  in  old  poetry  were  like  woollen  threads  in  Baby 
Ionian  garments — valued  in  proportion  as  tliey  Were  embellished.  Tba 
poet's  like  tlie  sculptor's  or  embroiilerer's  skill  was  measured  by  ibet  art 
•vith  which  ordinary  materials  were  lost  in  forms  and  ornament.  Few 
think  of  aluminous  earth  while  viewing;  the  splendid  vase,  and  none  lool: 
for  truth  unadorned  in  works  of  classic  artists,  * 


Tim    CMI.M£RA. 

The  Cliimaera  destroyed  by  Bellerophon  looks  very  like  another  spcci* 
men  of  Eolipilic  ingenuity,  though  represented  of  course  as  a  living  ani- 
mal, agreeably  to  legendary  tradition  and  poetic  license.  Homer  de- 
scribes it  as 

Lion  raced, 

Willi  drason  tail,  shaz  bodied  as  (he  goat, 

And  fruiii  liis  javrs  ejeciing  Mrcams  oi  fire.    [72.  vl  ] 

The  most  popular  of  ancient  explanations  supposes  this  monster  ng 
nified  a  burning  mountain,  whose  top,  on  account  of  its  Jegoiate  rintijre 
was  the  resort  of  lions,  [an  obvious  contradiction]  the  middle  being  fniit- 
ful,  alwundcd  with  gouts,  the  marshy  ground  at  the  bottom  swarmed 
with  serpents,  and  Bellernphim  by  cultivating  the  mountain  subdued  it  f 
Such  is  one  of  the  best  specimens  of  classical  guessing,  and  yet  both 
mountain  and  its  inhabitants  were  suppositious — assumed  for  want  of 
better  grounds  of  conjecture.  It  is  observable  that  old  fire-breathing 
monsters  are  represeiueil  as  akin  to  each  other:  thus  the  Chima-ra,  tb^ 
dragon  which  guarded  the  golden  fruit  in  the  garden  of  the  Hesjieridos, 
Cerbenis  and  others,  were  related  to  Typhon  and  the  rest  of  the  giants — 
as  if  to  intimate  their  common  nature,  so  that,  according  to  mythology 
itself,  if  one  was  an  automaton,  all,  or  nearly  all,  pailuok  of  iho  same 
character.  If  the  mountain  supplied  the  true  solution  of  the  Chinia^ra,  it 
should  furnish  a  key  to  unriddlu  the  rest,  but  it  would  be  imi>os*iblc  to 
locale  vrdcanoes  where  fiery  dragons  were — in  gardens,  cellars,  pnloco*, 
&c.  and  still  more  so  to  rnJke  them  travel  abroad  and  rush  hither  and 
thither  in  battle. 

How  much  more  reasonable  to  admit  the  Chimtera  to  have  been  an 
Eolipilic  dragon  i  its  description  is  then  natural,  its  appearance  and  per- 
formances creilible,  and  its  demolition  by  the  great  captain  consistent. 
Old  deini-gods  did  not  acquire  their  titles  by  wielding  the  mattock. 

if  the  figure  No.  2S9  hud  a  couple  more  heads, and  were  furnished 
with  the  caudal  termijiu.s  of  a  lizard  or  cayman,  it  would  ftuin  no  bad 
reprusentation  of  the  Chimaero. 

CACUS. 

As  like  causes  produce  like  eilbcts,  .so  in  early  as  in  later  times  dit- 
banded  soldiers  turned  often  rifbbers.  Too  idle  to  work,  numltersof 
these  rutlians  lived  by  private  plunder  when  opportunities  ceased  fiw 
sharing  public  spoils.  Not  a  few  of  the  old  heroes  belonged  to  this  cIiubi 
and  among  them  was  Cacut.    The  story  of  this  famous  thief  is  an  adaai* 

•  There  is  a  .'irikinfj  likeness  in  the  manners,  castoms  and  superstilioiw  of  the  Col 
chians,  as  portrayed  by  Apollonius  Rhodiu",  and  iho.'^e  of  the  peopJe  dcsrntvNl  bv  Rtxo 
and  Olaiis  Mngnus.    It  would  be  a  curioa.s  fact  if  fiKhiing  and  |i  or 

"  "        " -   .     ~     .  1^^ 


the  knowledge  of  ihem,  lingered  in  the  regions  of  ihc  Euxinc  ;ii 
adventure  of  ihe  Argonauis  lo  ilie  Iwille.s  in  which  the  aiiiofnaluiis  . .,  ,.  -, .,,. .,  uj  agr, 
1289  and  '290  are  5nid  lo  have  been  einployeii.     It  was  from  Scythia  the  .nrts  of  \>n» 
founding  and  working  in  metals  descended  lo  lower  laliiiides,  iiccording  to  Pliny. 
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rable  corame. :  ort  the  state  of  society  in  his  day,  besides  furnishing  an> 
other  specimo-  of  fraud  preying  on  credulity  by  means  of  Eolipiles.  A 
son  of  Vulcan,  he  knew  something  of  machinery  and  of  the  wonders, 
honent  and  dis  oaest,  bis  father  wrought  by  it.  As  usual,  he  occupied  a 
cave  favorably  located  for  his  purposes. 

....  See  yoD  rock  that  mates  the  sky, 
About  whose  feet  such  heaps  of  rubbish  lie; 
Such  indigested  ruin ;  bleak  and  bare, 
Hour  desert  now  it  stands,  exposed  in  air! 
'Twas  once  a  robber's  den,  enclosed  aronnd 
With  living  stone,  and  deep  beneath  the  ground 

The  monster  Cacus,  more  than  half  a  bea^t, 
This  hold,  impervious  to  the  sun,  possess'd.    {£«.  viii.   Oryden. 

At  the  cavern's  mouth  he  had  a  triple-headed  image,  which  (not  it4 
owner)  belched  black  clouds  and  livid  fire.  It  was  at  length  destroyed 
by  Hercules,  who  we  have  seen  had  some  experience  in  such  mattei.s. 
The  success  of  Cacus  in  levying  contributions  from  the  fields  and  folds 
of  the  simple  inhabitants  of  the  neighborhood,  and  on  drovers  passing 
through  it,  appears  to  have  been  due  to  the  tact  by  which  he  made  it 
generally  believed  that  he  and  the  monster  were  one  and  the  same  indi- 
vidual : — a  common  ruse  this  in  such  cases,  and  one  by  no  means  pecu- 
liar  to  mythic  epochs.  He  made  his  forays  in  the  night,  and  lay  concealed 
during  the  day. 

The  personification  of  Eolipilic  and  other  images  was  in  keeping  with 
their  design,  and  necessary  to  preserve  their  influence  over  the  igno- 
rant. As  they  sustained  the  characters  of  gods  and  demigods,  they  were 
addressed  as  such.  The  practice  differs  but  little  from  what  is  now  in 
Togue ;  fire-engines,  mills,  ships,  guns,  &c.  have  male  and  female  desig- 
nations, are  oflen  spoken  of  as  if  endowed  with  spontaneity  and  pas- 
lions  ;  but  with  not  half  the  propriety  as  androids  representing  and  per- 
forming functions  of  living  beings.  Sometimes  these  are  so  delineated  in 
their  appearance,  feelings,  employments,  &c.  that  no  doubt  of  men  being 
intended  could  arise,  were  they  not  at  other  times  associated  with  attri- 
butes and  deformities  unknown  to  humanity.  The  solution  is  however 
easy  : — The  ancients  like  the  modems  gave  their  names  to  certain  classes 
of  devices,  and  it  is  descriptions  of  these  which  we  confound  with  the 
penwns  after  whom  they  were  named — the  artificial  dragon  of  Cacus 
with  that  individual.  The  same  cause  of  misapprehension  may  take  place 
?rith  regard  to  men  and  things  of  our  day.  What,  for  example,  must  peo- 
ple think,  some  thousands  of  years  hence,  of  Washington  and  Franklin, 
fall  memorials  of  them  should  then  be  lost  except  a  few  statements,  ot 
which  one  described  them  as  floating  monsters,  300  feet  in  length,  with 
scores  of  brazen  mouths  through  which  they  vomited  floods  of  fire  and 
ioared  so  loud  as  to  make  mountains  quake  : — or  according  to  another 
they  were  of  less  majestic  size,  but  showering  volumes  of  smoke  from 
iron  throats,  trembling  with  passion  when  obstructed  in  their  progress, 
and  then  starting  forward,  gasping  and  galloping  over  the  ground  with 
almost  lightning  speed,  and  leaving  trains  of  fire  behind  !  Land  and  wa- 
ter dragons !  What  could  such  people  think  unless  informed  that  74  gun> 
ships  vnd  locomotive  carriages  often  bore  the  christian  names  and  8ur> 
Fames  of  those  celebrated  men. 


OBR  r ON . 

Qeryon,  another  demigod,  resembled  Cacus  in  appearance  but  not  in 
dremnBtances   and  condition,  for  he  was  i  prince,  and  rich  in  flocks  and 
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herds,  aiitl  tu  friiard  thcni  had  a  dog  with  two  hendx  and  a  di-n^or)  with! 
•even  ;   both  oi  which  were  overcome  by  Hercules,  who  also  slew  thcil ' 
owner  and  seized  the  cattle  as  his  riehtlul  spoil.  This  Quixote  ofmjilio 
Kigy  travelled  in  (juest  of  strange  adventures,  and  enriched  himseir,  ul 
all  heroes  did  and  do,  by  rapine,  in  his  time,  as  in  Job'.s,  wealth  consin- 
ed  principally  in  cattle;  and  rattle  8tealin(r  was,  as  in  subsequent  timei^l 
not  held  dishonorable — except  when  unsuccessful.    Go<ls  and  demig 
followed  and  acquired  fame  by  the  profession.  Of  primitive  moss-trtwp-, 
crs  none  equalled  Mercury  and  Hercules  in  cunning;   it  was  thei^-furo  t] 
sad  mistake  in  Cacus  to  seize  eight  of  Geryon's  kitie  while  in  the  poi 
sion  of  such  a  bold  and  knowing  drover  as  Alcides.   Thouch  he  succeeded 
in  getting  tliom  unporceived  into  his  den,  his  fiie-spittitig  imajre  had  do 
feiirs  for  the  enraged  loaor,  who  was  too  familiar  with  such  tilings  in 
dread  them. 

This  primitive  prevalence  of  robbery  sufficiently  accounts  for  the 
adoption  of  secret  and  exlnmidinary  devices  to  sciire  night  thie\e«  from 
folds  and  dwellings  of  the  rich  ;  an<l  sure  we  are  that  modern  ingenuity 
might  be  taxed  in  vain  to  iiroduce  one  better  adapted  to  terril'y  the  igtio- 
rant  ;ind  keep  the  dishonest  at  buy,  in  d;n  k  aiirl  gros.sly-superstitious  times, 
than  tlanio-ejecling  Kulipiles.  On  the  ap]iroach  of  a  thief,  the  concealed 
attendant  ha<l  only  to  open  a  cock  to  send  a  scorching  blast  on  the  ofl'end- 
er,  or  the  latter  miglil  himself  unconsciously  be  made  to  open  it  by  his 
weight — a  species  of  contrivance  perfectly  in  character  with  the  genius 
and  acknowledged  productions  of  ancient  artists.  Vidcan  was  full  of  such 
conceits.  Kven  now  a  trriin-looking  image  of  the  kind  would  excite  nn 
little  honor  among  stupid  l>urgliirs,  while  it  would  strike  s,iva^i-s  dum 

The  word  Geryon,  according  t<i  some  paleologists,  signifietl  ihiindei 
bolts,  and  was  allusive  to  the  hissing,  piercing,  overwhelming  and  >corc; 
ing  blasts  which  issued  from  the  dog  and  dragon,  or  from  a  triplc-l>odie< 
monster  calle<l  Geryon  :  not  a  slight  intimation  this  of  their  Kolipilic 
nature.  In  fact,  to  consider  them  as  figuratire  creations,  and  tlie  resX.  of 
the  characters  and  objects  re!»l.  is  inconsistent ;  unless  it  Ik;  crinccdeJH 
that  Geryon's  cows  were  k(;pt  from  thieves  by  metaphors,  and  that  thesal 
were  hacked  and  shalterei'  by  material  dulis  .and  fiitdchions.  It  would 
have  n'ouired  some  flaming  similes  to  frighten  experienced  cnltle-liftem 
like  Ciicus  and  Autolyciis  from  their  destined  prey,  or  to  induce  them  tu 
yield  u[i  acquired  spoils. 

To  resolve  these  "  orazen"  monsters  into  mere  creations  of  the  brain, 
appears  to  us  as  reasonable  as  to  explain  away  in  like  maimer  metallini 
automata  of  the  Bible — rcpix'senling  them  ps  having  had  no  conneclii 
witli  the  crucible,  but  simple  abstractions:  the  seryient,  for  ex-imple, 
emblematical  of  the  cunning  of  Moses,  and  the  calf  of  stupidity  in  t 
peo])Ie.     liy  the  sanin  piocess,   we  might  interpret  the  "bronze-"  vei 
or  statue  in  which  Eury.'^theus  concea'led  himself  linm  Hercules  into  ul 
imaginary  syinbcd  of   excessive  fear;    and  so  with  the  brazen  bull  ol 
Phalaris  and  horse  of  .\ruMtius,  in  which  human  victims  were  consumed, 
and  tiii^ir -shrieks  made  to  re8end)le  the  bellowing  of  oxen,  by  reverl* 
ting  through  inlerior  tubes  :  a  device  probably  as  old  as  Amalek 
artists,  and  eveti  (tlder.  The  calf  or  heifer  cast   by  the  Israelites  in  t1 
wilderness  "lowed."  according  to  the  Koran.  (Chap. vii.) 

No  one  can  <Joubt  the  ability  of  workmen  ancient  as  \'ulcan  and  I 
Cyclops  to  pnxluce  mncliirery  of  the  kind.  If  one  fact  be  more  promitii 
than  another  in  the  earliest  records,  sacred  and  profane,  it  is  the  per' 
tion  to   which  bi  ass-founding   had   arrived,  and  the  amazing  extent 
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which  metallic  imagery  was  carried.  This  was  a  natural  result  of  idol- 
atry. Superstition  was  the  nurse  of  these  arts ;  the  keenest  intellects  and 
finest  workmen  were  eni^aged  in  them.  The  grand  distinction  between 
the  useful  professions  of  past  and  present  times,  is  not  due  to  any  differ- 
ence in  capacity  or  skill,  but  to  the  estimation  in  which  the  aits  werc'and 
wro  held.  The  ancients  were  ignorant  of  their  destined  influence  on 
human  happiness  and  glory,  and  therefore  only  such  branches  were  pa- 
tnmiaed  as  strengthened  the  hold  of  chief  priests  and  rulers  on  the  mul- 
titude. 


CERBERUS. 

It  is  said  of  Hercules  that  he  went  about  subduing  the  powerful,  re- 
lieving the  oppressed,  and  exposing  fraud  ;  but  when  occasions  required 
he  obviously  acted  the  juggler  himself.  The  last  and  greatest  of  his 
twelve  labors — his  Cerberean  adventure — bears  on  every  feature  traces 
of  trick.  He  here  employs  the  very  device  which  Cacua,  Geryon,  jE,ele» 
and  others  had  found  so  successful.  To  play  it  off' well  would  establish  his 
fame  over  all  competitors.  Having  destroyed  every  earthly  dragon  he  had 
heard  of,  he  undertakes  to  wind  up  his  achievements  in  that  line  by  prov- 
ing his  prowess  upon  the  one  which  guarded  the  gates  of  hell.  It  was 
therefore  given  out  that  he  was  about  to  bring  up  Cerberus  to  light  and 
exhibit  him  to  mortal  view.  This  would  eclipse  all  other  dragon  transac- 
tions, and  this  he  accomplished  !  Is  it  asked  how  \  Why,  by  entering  a 
"dark  cavern"  on  .Mount  Taenarus,  and  after  a  whilo  dragging  to  its 
mouth  a  three-headed  dog — an  Eolipilic  automaton  !  As  the  exhibition 
was  of  course  made  in  the  night,  the  affrighted  spectators,  and  all  not  in 
the  secret,  could  not  doubt,  at  the  distance  they  stood,  the  presence  oi'  the 
canine  guardian  of  Tartarus ;  its  eyes  glaring  witli  living  fire,  smoke  pout- 
ing fn>m  its  jaws,  its  movements  and  the  noise  it  made,  would  more  than 
ensure  conviction.  The  public  part  of  the  performance  being  over,  the 
«xhibiter,  agreeably  to  promise,  instantly  set  about  (no  doubt  to  the  grati 
fication  of  the  audience  and  particularly  of  Eurystheus]  to  remove  the 
monster  to  its  own  domicile.  There  is  no  room  to  doubt  this — he  certainly 
pulled  it  back  to  the  place  whence  he  drew  it  forth,  and  none  were  so  bold 
as  to  follow  and  see  how  he  succeeded.  Probably  not  one  of  the  beholders 
hut  would  rather  his  hands  and  feet  had  changed  places  than  have  ven- 
tured within  the  cave  on  this  occasion. 

We  can  form  a  pretty  accurate  idea  of  the  sonorous  "roarings,"  tht» 
"  hissings,"  and  "  variegated  yells"  of  mythic  monsters,  by  similar  sounds 
pioduced  when  steam  is  blown  off,  through  various  formed  orifices,  from 
rnodem  Eolipiles 

A  distinction  is  observable  in  the  characters  and  applications  of  fire- 
vomiting  images.  Those  which  represented  gods  or  warriors  partook 
mere  or  less  of  the  human  figure,  while  such  as  guarded  enclosures  for 
cattle,  habitations,  and  places  where  riches  were  kept,  put  on  forms 
compounded  of  dogs,  serpents,  lizards,  bats,  &c.  i.  e.  wore  dragons — an 
idea  derived  fi-om  the  employment  of  household  mastiffs  and  shepherd 
cuts.  (A  beautiful  illustraticm  of  the  practice  of  protecting  houses  ia 
seen  on  entering  the  vestibule  of  "  The  house  jf  the  Tragic  poet "  at 
Pompeii.  On  the  mosaic  pavement  is  lively  represented  a  fierce  and 
fall-sized  dog,  collared  and  chained,  in  the  act  of  barking,  ar.d  ready  to 
■pring  upon  the  intruder.  At  his  feet  is  the  caution,  in  legible  letters, 
care  canem,  beware  of  the  dog.)  Griffins,  or  dragons,  says  Pliny,  form- 
erly guarded  gold  mines,  and  in  old  illustrated  works  some  queer-look- 
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0ig  non<lescripte  are  seen  performing  that  duty.    The  xentitnent 
oi»ce  universally  receiveJ  ;  it  still  has  believers  in  '  '  part*  of  1 

Kurope,  auJ  over  a  great  part  of  the  East.  It  was  eu  i  by  inte>l 

tested  individuals  to  keep  timid  thieves  at  a  distance.    Kidiculous  u  itj 
appears,  it  accords  with  every  otfier  occupation  of  dragons.    Why  nolj 
pi'otect  rich  mines  as  well  as  a  few  pounds  of  metal  !    The  story  or  tliA| 
fact  gave  rise  to  the  fable  of  Cerberus;  for  Tartarus,  its  occupants  aaJ 
their  occupations  were  all  derived  fi-om  earthly,  tangible  tyj>e8. 

Pluto  was  an  extensive  mining  prriprietor,  Tartarus  his  subterranean 
domains  ;  it.s  fires  his  furnaces,   ficmnns  were  felons  condemned  "  to  that 
mines,"  where,  naked  and  in  "  chaiii>,"  some  toiled  in  darkness,  and  wei-el 
urged  to  unnatural  exertions  by   the  lashes  of  inexorable  over»eer'»;l 
otliers,  ghastly  from  inhalin);  tlic  poisonous  fumes,  appeared  still  more  sal 
in  the  elare  of  sulphurous  fires,  in  which  they  roasted  and  smelted  thel 
ores.    Their  punishment  was  endless,  their  sentence  irrevocable  ;  thot 
had  no  ho[ic8  of  pardon  and  no  chance  of  escape.    Cerberus  freely  |>ei- 
mitted  all  to  enter  the  gate,  but  not  one  to  pass  out.    There  were  nol 
periods  of  cessation  fromlalKir;  their  fires  never  went  out ;  both  niglitl 
and  day  the  smoko  of  their  torments  a^icended  ;  groans  never  ceased  wJ 
be  heard,  nor  the  rattling  of  chains  and  shrieks  of  despair.    Acheron,! 
Cocyt  IS  and  Styx  were  subterranean  streams,  each  possessing  s^ime  pe 
culiar  feature  or  property,  while  near  Phlegethon  arose  a  stream  of  car- 
burctt'jd  hydrogen,  a  phenomenon  not  uncommon  on  tlie  earth's  surface,! 
but  oft<.'n  occurring  in  mines.    Such  is  the  most  probable  exposition  "fl 
the  origin  of  Tartarus     From  what  else,  indeed,  could  the  hcathenf 
have  derived  the  idea  at  epochs  anterior  to  Scn'pture  descriptions  of  j 
hell,  and  before  prophets  or  apostles  flouiished  ?    We  know  that  the  an- 1 
cients  sent  their  worst   felons  to  the  mines,  and   that  these  place*  pre- 1 
•ent&d  the  most  vivid  representations  of  severe  and  ccasclcsi  punishment  J 
whicii  the  earth  affords.     Tlie  greater  part  of  the  convicts  ere  they  eil-  i 
tered  these  dreary  regions  took    their  lust  look  of  the  sun.    With  shud- 
dering horror,  pale,  and  eyes  aghast,  they  viewed  their  lamentable  fate. 
Miltmi's  description  of  hell  was  literally  true  of  ancient  mines  and  suthi 
tnrrancan  smelting  furnaces. 

.         "A  diint;eon  horrible,  on  all  sides  nroand 
\    As  one  §reai  furnace  flnm'd,  j'ct  I'rom  ilioso  fl 

No  li?l)l,  bnl  rnlher  darknos!;  visible 

Serv'd  only  to  discover  sights  of  wo; 

Regions  01*  sorrow,  dolfful  shades,  where  peace 

And  rest  can  never  dwell,  hope  never  comes 

That  comes  to  all;  bui  lorture  wilhoiil  end 

Still  urges,  and  a  fiery  deluge,  fed 

With  ever-burning  sulphur  unconsmned." 

Does  the  reader  tliink  the  picture  too  highly  colored  for  mortal  ptr 
dition  1  Why,  it  lacks  a  modern  trait,  one  more  revoking  than  rho 
ancients  ever  i7nnginod.  Hoys  and  girls  from  «ix  to  ten  years  and  uj* 
wards,  born  and  hrrd  in  coiil-pits,  less  knowing  than  brutes,  and  incois- 
paraoly  worse  cared  for.  are,  or  were  recently,  wholly  employed  in  drag- 
ging and  pushinij  on  all  fours  and  perfectly  denuded,  laden  sledge* 
through  dark,  lircken,  wet  and  tortuous  passajjes  or  sewers  to  the  pit's 
mouth  !  And  (his  too  in  a  christian  and  enlightened  land,  w^here  no 
small  part  of  the  people's  earnings  are  consumed  by  an  opulent  hie- 
rurcliy  !  Is  it  possible  for  hell  I'.self  so  efl'ectually  to  efface  God'« 
image,  or  to  lieaji  suc.li  accumul.lted  woes  on  infant  and  unofTending  ric-  , 
fimH  ]  Pluto  and  his  mynnidons  would  have  quaked  with  piu«ion  ot  tliri 
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proposal  or  such  a  scheme ;  yet  it.  and  utfaer  evils  scarcely  leae 
sickening  and  vile,  have  their  defendei-s  amDng  those  who  worsliip  the 
molocha  of  monarchy  and  mammon.  Heaven  help  the  oppressed  of  this 
earth — the  creators  but  not  partakers  of  its  wealth — who  indu^ilriously 
toil,  and  through  excessive  penury  prematuitrly  die — urged  to  produce 
a  maximum  amount  of  work  with  a  minimum  of  rest  and  food — who 
with  their  offspring  groan  in  hopeless  misery  here,  and  are  throatened 
with  endless  tonncnts  in  another  life  if  they  remain  not  aalifficd  "  in 
that  station  into  which,"  some  reverend  and  blaspheming  despots  say 
"  it  hath  phased  God  to  call  them  !" 

The  reason  why  sulphur  figurea  so  larsfely  in  descriptions  of  Tar- 
tarus must  be  apparent  to  all  cfinversant  with  mining  and  metallurijical 
operations.  It  is  the  earth's  witemal  fuel,  the  most  profuse  of  subterra- 
nean inflammable  substances,  li  jiervadea  most  mineral  bodies  j  and  nol 
minerals  alone,  but  in  metalliferous  ores  it  wonderfully  abounds.  All  the 
principal  ores  of  commerce  are  sulphurets;  iron,  silver,  copper,  tin, 
lead,  zinc,  ice.  Of  these  some  cimtain  13,  and  others  50  per  cent,  and 
upwards  of  suljibur,  to  get  rid  of  which  constitutes  the  chief  difficulty  in 
their  reduction.  In  order  to  this  they  are  "  roosted  "  at  a  low  red  heat 
for  si.v,  twelve,  twenty,  and  some  for  thirty  hours,  that  the  sulphur  may 
be  volatilized,  and  not  till  its  blue  flames  cease  is  the  signal  realized  to  in- 
crease  the  heat  and  fuse  the  metal.  Thus,  for  every  ton  of  the  latter,  halt 
a  ton,  aud  often  a  wlmle  ton  of  the  former  has  to  be  driven  oil'  in  flames 
and  vapor;  so  that  it  was  with  strict  propriety  said  that  Pluto's  Urea 
■were  fed  with  it.  Comparatively  speaking,  they  consisted  of  little 
else,  and  little  else  was  felt  or  seen.  It  imjiregnated  every  object,  while 
from  its  offensive  odor  and  suH'ocating  fumes  none  could  escape.  Im- 
mense quantities  of  common  brimstone  are  obtained  by  collectmg  and 
condensing  the  vapoi's  tliHl  ascend  from  smelting  furnaces;  and  it  may 
have  been  this,  or  a  native  mass,  which  formed  the  throne  or  usual  seat 
of  the  lord  of  the  lower  regions.  As  long  as  the  caith  endures,  volcanos 
burn,  and  minerals  are  reduced,  there  will  be,  as  in  Pluto's  time,  arti* 
ficial  as  well  as  natural  fires  of  ever-burning  sulphur. 

There  are  passages  in  Maundeville's  Travels  corroborative  of  Carpini's 
images  and  Pliny's  Griflins.  He  speaks  of  artists  in  northern  Asia  as 
wonderHilly  expert  in  automatical  contrivances — "  fulle  of  cauleles  and 
totylle  difcet/ta"  making  "  l>estes  and  bryddes,  that  songen  full  delecta- 
l>ely,  and  meveden  be  craft,  that  it  semede  thei  weren  f|uyke."  In  his 
28  Cap.  he  describes  a  valley  rich  in  gold  and  silver,  (in  the  '•  lordclwppe 
of  Prester  John,")  but  if  abounded  with  devils,  and  few  men  who  ventured 
there  for  treasure  returned.  This  was  the  story,  and  we  need  not  say 
how  like  a  primitive  artifice  to  scare  people  from  intruding.  "  And  in 
mydde  place  of  that  vale,  tindir  a  rnche,  is  nn  lied  and  the  visage  of  o 
deryl  bodyliche,  fulle  horrible  and  dreadfulle  to  see,  and  it  schewctho 
not  but  the  bed  t«o  the  schuldres.  But  there  is  no  men  in  the  world  so 
htrdy,  Cristenc  man  no  other,  but  that  he  wold  ben  a  drad  for  to  behold 
it;  and  that  it  wolde  semen  him  to  dye  for  drede,  so  hidcouse  is  it  for 
to  l>eholde.  For  ho  beholdethc  every  man  so  srharpley,  with  dredfiille 
eyeu  that  ben  evere  more  movynge  and  sparklynge  as  fuyr,  and  chaung- 
ptha  and  sterelho  so  often  in  dyverse  manere,  with  so  horrible  counte- 
bRnce,  that  no  man  dar  not  neighen  [approach]  towardes  him.  And  fro 
him  comethe  smoke  and  stijnk  and  fuyr,  and  so  much  abhomynacioun,  that 
onelhe  no  man  may  (here  endure."  This  was  one  of  the  tricks  which 
lh»  crsvellor  could  not  tell,  whether  it  was  done  "  by  craft  or  by  negro- 
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manuye."    From  autotnata  be  saw  in  the  country  belonging  tu  Prest4 
Julia's  father-in-law,  [CbinaJ  be  was  led  to  conclude  that  artists  there™ 
surpassed  all  men  under  heaven  for  deceptive  inventions. 

That  devices  like  the  one  just  described,  or  similar  to  the  braze^H 
horses  of  Re^rnerus,  were  in  vogue  in  the  East,  in  Maundeville's  time,  a{^9 
pears  from  Marco  Paulo,  who  mentions  magic  contrivances  fur  darken- 
ing the  air  with  clouds  of  smoke,  Sec.  in  use  by  the  military,  and  uiidet 
cover  of  which  many  were  slain.    Marco  himself  was  onc«  in  danger  < 
his  life  on  such  an  occasion :  he  escaped,  but  several  of  his  nssociati 
were  cut  oS, 


DRAGONS. 

Had  not  ideas  uf  fire-spouting  nondescripts  been  exceedingly  ancien 
they  had  never  become  so  intimately  and  universally  mixed  up  wi 
human  aflairs.  Throughout  the  old  wurld  the  dragon  was  the  ne  /rim 
uilrn  uf  impersonations  of  the  horrible — the  king  of  monsters.  It  is  su 
now,  and  a  more  appalling  one,  ur  one  invested  with  more  terrific  qualU 
ties  cannot  be  devised.  So  deeply  was  its  image  impreiised  on  anciet 
minds  that  it  pervaded  history,  sung,  and  all  religions.  We  meet  with  i 
in  the  •Scriptures  as  well  as  in  the  classics.  The  devil,  from  bis  repute 
connection  with  smoke  and  liquid  tire,  is  named  "'the  great  dragon." 
uld  religiuus  processions,  and  in  the  "mysteries"  or  di-amatic  represea 
tations  of  the  church,  Satan  was  symbolized  by  an  image  of  a  dr 
spitting  (ire.  The  author  of  the  apocalypse  seems  to  allude  to  mytbid 
tire-hrealhing  images  in  the  follow;*)^  passage.  "  If  any  man  will  bu 
them,  fire  proceedeth  out  of  their  Toutlis  and  devouretb  their  enemies." 

The  universal  custom  of  exhibiting  figures  of  dragons  iu  ecclesia 
lical  and  civic  pomps  was  a  mythic  relic — a  practice  continued  front 
times  when  captured  idols  and  warring  Eolipiles  were  led  in  triumph. 
Then,  objects  of  superstitious  dread,  they  now  amused  spectators  : 
the  coronation  of  Anne  BuUeyn,  a  "  foysle "  or  galley  preceded 
lord  mayor's  barge ;  "  in  which  fovsie  was  a  great  red  dragon,  continu 
ally  moving  and  casting  forth  wild  tire  :  and  round  aKiut  the  said  fovsti 
stood  terrible,  monstrous  and  wildc  men,  casting  fire  and  making  a  hid< 
ous  noise."  If  the  truth  could  be  known,  there  would  be  found  little  di! 
ferenre  between  this  modern  monster  and  some  of  its  ancient  namesake 

No  chimerical  being  was  ever  so  celebrated  as  the  dragon.  To 
temples  were  dedicated,  of  whic).  some  remained  in  classical  eras.  Tbd 
practice  is  continued  in  China.  Of  an  o..'ciaI  dignitary  it  is  said,  ere  bd 
entered  on  tlie  duties  of  bis  oilice  (at  Canton,}  he  one  morning  paid  bid 
devotions  at  eight  temples,  of  .vhich  oi.a  was  consecrated  to  tbe>?«>d 
fire,  another  to  the  go^  of  wind,  and  a  thir".  to  the  dragon  or  drapou 
king.  "The  festiva'.  of  the  dragon-boats"  is  another  relic  of  times  wlict 
these  artificial  monsters  were  in  vpcrue.  [Chinese  Rtp.  iii.  93,  47.]  Tb< 
lege:  t^a  of  China  and  Japan  teem  with  dragon  allegories  and  apologues 
The  figure  is  an  imperial  emblem,  and  as  such  is  wrought  on  robe« 
painted  on  porcelain,  carved  on  dwellings,  ships,  fumituro  and  oihe 


■  In  Scaodinaviaa  and  ancienl  British  historj*,  and  Ihroughout  oorihem  Asia  and 
Europe,  ihe  drngun  was  >he  universal  mioisier  of  vcnEfeancr.  Il  was  evenluaii;  majd 
typical  of  all  destruciive  asentf — uf  water  ii-  well  as  fire.  Ii  became  a  syniboi  of  (b<1 
deluee,  oa  which  a<^oounl  rigurcs  of  it  potiring  wnter  lYoni  Ihe  mouth  were  adopied  iaj 
ancicirf  fnunuiiB!!.  Some  ol  ihcte  have  t>een  noticed  in  this  volume.  May  Dot  &.! 
John  have  had  one  in  view  when  he  wrote  "  And  the  dragon  cast  out  of  tJk  moofhl 
walrr  as  a  flood."    [Rtv.  xii.  13-37.J 
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•rorks  of  Bit.  No  people  retain  so  many  characteristics  of  times  when 
Eolipilic  monsters  fluurisheil.  They  act  on  the  same  principle  as  old 
wsrrioi-s  d'.ii,  hy  trying  to  frighten  their  enemies  with  warlike  scare- 
crows, witn  pompaos  orders — assuming  the  language  of  gods  and  ad- 
dressing other  people  as  devils,  dogs  and  reptiles.  Their  tasic  for  the 
horrible  extendi  to  civil  life;  things  of  the  wildest  forms  which  imagi- 
nation can  furnish  or  nature  leveal  are  most  highly  prized. 

.As  a  gunriiian  of  temples,  sacred  groves  and  treasures,  the  celebrity 
of  the  drajjon  has  continued  to  present  times.  Enforcing  a  principle  in 
ancient  ethics,  it  kept  tl.e  ignorant  honest  by  frieiitening  them.  Hut  when 
it  lost  this  magic  power,  und  enchanted  chambers  could  no  loni;cr  be 
relied  on,  eastern  monnrchs  sought  out  natural  monsters  to  guiird  tlieii 
precious  stones  and  living  jewels.  Deformed  negroes;  the  most  hideous 
of  nature's  abortions,  are  now  the  sentinels  of  eastern  treasuries  and 
seraglios. 

Mythic  dra^Tons  had  commonly  a  multiplicity  of  heads.  This  wan  in 
keeping  with  their  design  and  with  the  taste  of  the  times.  Each  addi- 
tional member  adding  horror  to  their  ap|>ea'°ance  and  furnis-binR  in  the 
mouth  and  eyes  additional  orifices  fur  the  issuing  tiames;  like  Krc-en- 
gines  that  eject  several  stream-i.  The  device  is  very  analagnus  to  others 
common  in  old  war-engines.  The  idea  was  adopted  by  the  author  (if  tliu 
most  figurative  book  of  the  Scriptures.  He  speaks  ni'  "  a  great  red  dra- 
gon with  seven  heads  and  ten  horns."  The  figure  No.  2SS  it  will  be 
seen  has  one  horn.  Most  of  the  idols  of  the  Hindoos,  and  of  the  orientals 
generjilly,  have  numerous  heads,  and  some  have  horns.  By  dragons  in 
the  Bible,  crocodiles,  or  large  serpents,  are  commonly  intended,  but 
chimerical  or  mythic  beings  are  obviously  intended  iti  such  passages  as 
the  one  above  ijuoted. 

Another  characteristic  in  dragon  biography,  attributed  to  rather  mo- 
dern individuals,  was  an  unriotiLiled  trait  in  the  ]iatriarchsof  the  »j)ecie8. 
When  one  was  overcome  without  being  demolisiied,  it  was  generally  lo«l 
in  triumph,  in  the  manner  of  Theseus  showing  oft'  the  Maratlioniuu  bull 
in  the  streets  of  Athens — or  of  Saint  Homain  leading  with  his  stole  a 
tierce  dragon  to  the  market-place  at  Rouen — the  victor  receiving  the  con- 
gratulations of  his  countrymen  on  his  prowess,  and  the  ])risoner  behav 
ing  the  while,  as  well  behaved  prisoners  should — i.  o.  silently  submit- 
ting to  the  will  of  the  cajtiors.  Suppose  the  dragon  figured  at  No.  289, 
exhausted  of  its  contents,  (in  battle  it  would  often  require  fresh  charging,) 
its  movements  put  a  slop  to,  and  in  that  condition  captured  ;  what  (id- 
lows,  but  that  the  victors  put  one  end  r)f  a  rope  round  its  neck  and  tho 
other  in  their  hands;  and  have  we  not  then  a  perfect  representation  of  a 
fiery  monster  becoming  harmless  as  a  lamb  and  tamely  submitting  to  be 
led  about,  as  ancient  chronicles  have  it,  "  like  a  meke  beaate  and  dp- 
bonayre." 

But  the  dragon  was  dedicated  to  Minerva;  and  to  whom  else  could 
Jt  have  been  so  apprf>]>riately  devoted  '(  One  might  almost  fancy  she 
mounted  this  popular  Sum  of  the  Eolipile  on  her  cup  as  a  com|;limenl 
to  old  artists.  Certainly  if  llie  ])iitrfmcss  of  the  useful  arts  had  now  to 
select  an  expressive  symbol  of  her  best  gift  to  mortals,  she  would  adopt 
the  same  thing  in  its  modern  sliape — a  miniature  engine  and  boiler. 
This  she  would  consider,  like  Worcester,  her  "  crowning"  device.  But 
it  is  perhaps  said,  the  ornament  on  her  crest  was  an  emblem  of  war. 
Well,  was  not  that  the  chief  use  to  which  Eolipilic  dragons  were  puti 
Then  was  she  not  so  familiar  with  artificial   lightning  and  thunder  aa  to 
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aave  rivnlled  iier  father  in  huvliiii^  them  at  wi)I  on  her  foes  Sbe  toik 
part  in  the  ware  nf  the  giants,  and  •lostmyed  not  the  least  of  the  kindred 
of  Typhon  herself.  Another  circumstance  indicative  oFLer  acquaintance 
w-itii  Eolipiiic  contrivances  is  the  fad,  (noticed  on  a  previous  page.)  of 
her  image  at  Troy  having  the  faculty  of  sending  flames  from  its  eyes. 

It  were  easy  thus  to  proceed  ai.  i  point  out  the  artificial  character  of 
most  of  the  imaginary  monsters  of  anliqiity — to  render  in  a  high  degree 
prohnble,  that,  like  acknowledged  androidal  and  automata!  productiont 
of  Vulcan,  Uajdulus,  Icarus,  Perillus,  and  other  artists  named  by  Pliny  in 
his  3'Uh  Book,  they  were  originally  mechanical,  pyrotechnical  or  eolipiiic 
images;  sometimes  combining  two  or  more  and  occasionally  other  ele- 
ments in  their  functions  and  movements;  that  the  faculty  of  locomotion 
attributed  to  some  accorded  not  only  with  applications  of  rnodern  mo- 
chanisiii,  hut  witli  avowed  artificial  contrivances  of  ancient  artixtx,  and 
that  their  material  natures  were,  in  after  times,  construed  into  the  ideal, 
either  from  ignorance  or  by  the  imagination  of  poets — but  this  is  unne- 
cessary. Enough  ha.'s  been  said  to  induce  the  reader  to  pursue  the  sub- 
ject, or  to  reject  the  hypothesis  as  untenable.  The  antiquity  of  Eolipilea 
18  unquestionable.  Their  origin  is  lost  in  remote  lime.  We  know  they 
were  made  in  fantastic  and  frightful  forms,  were  used  as  idols,  desiened 
to  spout  fluids  and  eject  fire — the  Tery  attributes  ascribed  to  mvfhic 
monsters.  Is  it  unreasotiable  then  to  suppose  the  latter  had  no  existence 
except  as  Eolipiles  ?  Hut  if  it  l>e  contended  they  were  wholly  figurative, 
from  what  were  the  conceptions  derived,  if  Eolipiles  were  not  the  Ihinji* 
they  symbolized  ;  and  how  account  for  coincidences  which  nothing  else 
in  nature  or  in  art  can  produce  1  One  observation  more,  aud  w» 
conclude  : — 

Early  applications  of  Eolipiles  and  their  present  employment  as  steam' 
Ixiilers,  suggest  some  interesting  analogies.  Emblems  of  half  civilized 
times  and  races,  they  connect  the  remote  past  with  the  present.  Ordain- 
ed as  it  were  to  move  in  advance  of  the  arts  and  astonish  mankiml.  they 
have  lost  none  of  their  virtue.  If  their  ancient  vagnries  shr>ok  commu- 
nities with  alarm,  their  current  deeds  are  eliciting  the  world's  admira- 
tion. They  furnished  tradition  with  marvellous  stories,  and  modem  his- 
tory is  engagcil  in  recording  their  wonders.  They  supplied  matenalit  for 
the  earliest  and  worst  chapters  in  the  earth's  annals;  to  them  and  iheir 
effects  will  be  devoted  some  of  the  latest  and  best.  Formerly  they  feebly 
personated  Gods  ;  now,  the  sole  animators  of  our  grand  motive  eiigiiiee, 
they  unniiiilute  lime  and  space  by  their  movements  and  laugh  at  all  phv- 
eicaJ  resistance.  Children  watch  thtir  operations  with  ecstnry  and  iild 
men  hardly  believe  what  they  see.  Once  an  instrument  of  the  worsi 
of  tyrannies,  the  Eolipile  is  becoming  the  most  eHectiial  agent  in  tho  ex- 
tinction of  tyrants.  Instead  of  acting,  a.""  of  yore,  on  human  fears  ;  ilcbasiug 
the  niiiul  and  furthering  the  views  of  oiqiressors,  it  ciy)tivates  tho  judg- 
ment of  the  wisest,  elevates  nations  in  morals,  and  confera  on  them 
wealth  and  extended  domain.  The  gem  of  old  miracle-mongers,  it  is  tho 
staple  device  of  Hving  magicians,  for  its  present  improvers  and  u-'ern  nr« 
the  genuine  representatives  of  Fhoraoaic  Savaus  and  mythulogic  Mai 
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Auli(.l<.3c  and  Hrrcuies  (able  of  explained, 
120 

Adam,  tta-litmns  or,  12 

Adventures  of  a  boitle,  47S 

Awhrlus,  singular  death  of,  363 
.  Agric6la,qanted,  69,  72,  117,  126,  151,  219, 
240,  278,  31i> 

A^riculiure,  79,  118.    Implenipntsnf,  12, 132 

Air^  its  properties,  176—186.  Ancient  ex|>e- 
nmentii  on,  192.  Rarefaction  by  heat,  374-'- 
3bO.  Liquids  raised  by  currents  of,  224-5, 
447,  473 

Air-b«ronieter  IKS,  375 

beds,  177. '  Guns,  181, 192,  270, 425 

cliaiubors  to  Dumps,  265,  269,  270,  306, 

307,  326,  337,  33ii,  371 

machines,  374 — 380,  447,  473 

—  pumps,  179, 180, 190,  403, 426 

Air  and  steam,  their  supposed  identity,  395— 
400,  4  l$i,  420,  421,572 

Ajutages,  conical,  effect  of,  479,  480,  486 — 
4{>8,  490 — »96 

Albertus,  104 

Alchemists.  395,  407,408 

Alcitliie,  talieu  olTby  priests,  385 

Alcoholic  engines,  441,  472 

Aleppo,  water-wheels  ul,  115 

Alexandria,  library  at,  4ib.     Wells  at,  54.  56 

Alfrcdnhe  Ureat,  measured  time  by  candtei), 
390 

Algeriaes,  their  superstitions,  36 

Altars,  107.    Tricks  at,  3S3— 385 

Alum,  used  to  make  wood  incombustible,  304 

America,  ancient  nrls  in,  159 — 172 

American  water-wotks.  298 — 301.  Fire-en- 
gines, 339— 34S.     Well",  50,  ISO,  164,  298 

Aniontnn<,  his  fire-mi  11,  463 

Androids  and  automata,  104,  183,  294,  534, 
668.  573 

Anecdotes,  of  Mahomet,  10.  Dentatus,  19. 
Darius,  22.  Kgyptian  priests,  22.  Two 
elephants,  39.  A  bnv and  goose  39.  Alex- 
ander, 39.  A  calinli,  42.  Cleanthcs,  56. 
An  ass,  74.  An  Iniliaii  Cacique.  107.  Ctesi- 
bins  121, 12i.  Valentinian,  196.  A  raven, 
203  A  Spsnish  pump-maker,  224.  A 
Basha.  316.  A  Dutch  Biirglier,  366.  Lord 
Bacon.  375.  Marquis  of  Worcester,  392. 
Zt-no.  393.  Cromwell,  442.  Saver]-,  454. 
Phocion,  537,  o65.    Oxen,  573 

Avgelo,  M.  534 


ABjIo-Saxors,  worshiped  wells,  36  Homr.jr 
ibid.  Buckets,  67.  Minois,  121.  ?«ape, 
99.    Windlass,  72.    Steam  idols,  .>9»> 

Animals,  employed  to  raise  water,  74,  117 
673.  Devices  of,  365.  Their  physiologj 
illustrated,  ISO,  181,  209,  210,256— 23!> 

Anthemius  and  Zeno,  393 

Aniipater,  282 

Anilia  of  the  Greeks,  213 

Anvil,  blacksmith's,  12,  43.  24  .  Zt! 

Aquarius,  85 

Arabs,  41 

Arago.  145,411,433 

Archimedes,  141,  3tiii,  438 

Archytas,  7, 268 

Araaiid's  siphon,  625 

Arkwright,  359 

Arts,  useful,  their  origin,  &c.  3,  6.  II,  IS,  SI, 
S3,  232, 282 

Artificial  hands  and  feet,  4 

Alabalipa,  169 

Astronomy,  85 

Aqueducts,  166- -169. 212  ^-, 

Auto  da  Fe,  351  ff^/l.^  ^^"^ 

Awls,  87,489  r 

Atinoiipherr,  its  propeitu;-  176 — 1S9.  Dia- 
covcry  of  its  pressure,  187,  425,  426.  Ili 
pressure  diminished  dnrinit  storms,  481. 
By  currents  of  air,  4S2-8.  By  currents  of 
steam,  489 — 196.  By  currents  of  water, 
479 

Atmospheric  pumps,  173,  175,  187-191,206 

—5 sprinkling  pots,  194,  193,  667, 

573 

B. 
Babylon,  79.    Hydraulic  engine  at,  133,  303 
Bacchus,  tricks  at  his  temples,  200,  385 
Bacon,  Roger,  403 

Lord,  416-17,  550 

Balls  supiHirted   on  jets  of  air,  steam,  aad 

water,  270,  39.t 
Barbers,  121 ,  162.     Sit  jtrtfaci. 
Barometer,  190,  375,  481 
Basket,  swinging,  for  raising  water.  M,  86 
Bate,  John,  321 ,375, 421 ,  56.5,  .568, 569 
Baths,  120.  147,  169,  393,  532.  MS 
Bears  employed  in  tread-wheels,  74 
Beer,  87 
Bees, 257, 276 

Beds,  air  and  water,  177, 178.    Bedcloths,  I7t 
Bedsteads,  87, 178,  brazen  feet.    See  pT%fia 
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Bet  and  the  Dragon,  619 

Hrllona,  30S 

BtflU  used  as  fire-engine*,  313, 314.    Bellmen, 

315 
Bellows,  87,90,  177,  ISO,  232—243,261,268, 

4N3.    Oricin  of  the  word,  570.     Vulcan's 

233,  240,  !26S,  56^.    Arri-.an,  235,  248,252. 

AMaiic.  236.     Egyptian,  237, 238.     Madx> 

r.i<'car,246,252.  Lantern, 240, 24 1.  Rotpj-y, 

a''2, 255 
piston,    244 — 252.      Philosophical, 

3nti,  391,  569,  570 

pumps,  205,  210, 235, 241,  243,568 

Bell,  h\(lruulic,  137 

i!-lz<>ni,  124 

Berenice's  hair,  143 

Bessun's  Theatre,  quoted,  69,  114,  126,  1^, 

218,280,317,410 
B<>ihleheni,  well  at,  48 
B.ble  quoted  or  illuftrated,  2,  10,  II,  19,  22, 

24, 26, 30, 31, 33, 35, 38, 40. 44, 51 ,  o2, 84, 37, 

90,95,  117,  132,  103,292,  2S3,  291,  303,  366, 

391,  393,  400,  476. 517,  536, 560,  565,  571 
Birmah,  raising  water  in,  73 
Blai.U.'tniiihK,  Adam  one,  12.    Vulcan,   340. 

tireci:ui,  24;.     ck*  prf/ace. 
Blakey, 462 

Rion.|,circula'.ionof,  132  2.57 
Blow-pi|i<-!>,  19.  234,  569.'  Kolipilic,  569 
Blowin;  tubes,  Ewbank's,  484 — 196 

>^  »tplions,  Ewbank's,  527,  528 

Boa  Constrictor,  180 

Boat*,  steam  and  others,  258,  403, 419,  423, 

438 
Boiler^.  ^I'wooJ  and  of  grjtnite,  470.    Heated 

by  the  sun,  471 
ancient,  392, 393,523.  Of  coiled  tabes, 

394 
Branca,  418 
Buckets.  32.  V2.  .=14.  63.  73,  83,  167, 171,  302, 

314.  31.).  3»0.  S41.   War  caused  by  one,  67, 

.\ntifi.,  iiirtalhc  onps,  230 
But'krt  rnifiiies.  )>t — 66,  12S.     Ancient,  573 
Burckliardt  at  Petra,  43.    At  Haniath,  116 


Calabash.  14. 16 

Caaibvsos,  377 

Camera  Obscura,  379,  403, 430 

Caii.ilos.  time  measured  by,  350 

Ciiime  hydraiitique,  372,  373 

t'aiiopus^  origin  of  these  vessels,  23 

Capillary  allrailioii,  510,  513 

Car.laii.  396,  4(17,  410 

Car|>enter's  tnoNand  work,  87 

Canha^enian  wells,  27,  38 

Cast  iron,  26S,  5.V3 

Ctlii  the  I'ensor,  536 

Caul  irons,  19—21,  120,  162,  171,237,  238, 

391,394 
Cans.    See  Deraus. 
Cawlcy,-464,  468 
Ocil's  motive  engine,  473 
Cement,  .')S 

Ceninfuijal  pumps,  229,  230, 290, 291 
Chains,  Kol.fen,  !62.     Wnich.  323 
Cham  ofiHits  machine,  12-3—132 
Chain-pumps,  148 — 158,  567.    In  ships,  154 — 

l.')7,  .t67 
Chain  and  sector,  467 
Chairs,  imprisoning,  29,  573.    Cane,  323 
Chemists'  siphons,  526 
Chemnitz  pressure  engine,  362 
ChilJ'b  rattle,  inventor  of,  268 
f'hili,  aqueducts  in,  165 
Chimneys    increasing  the  draft  of,  396,  482, 

483.  488 


Chinese  t'mker,  SO,  148.  Jujfler.IM.  VA 
38,30,35,83.  ProTerb«,30,3l.  taH 
WiodlaKS,  AC.  69,  7D.  lrns*iMt,a/| 
86.  Noria,  1 13.  Chain  paay,  Ijo.  t^ 
I3S.  Bellows,  848.  Digesleis,  3K.  oS 
545 

Chisels  of  gold,  and  bced  with  inB,t 

Chuck,  eccentric,  2Si 

Churches,  fonntamsm,  reconiin«iM,M 

Circulation  of  the  bloiid,  132  2j7 

Cisterns,  48,  58,  169,  1  fO,  557 

Cistern  pole,  57 

C!eauthes,  56 

Clip«ydre,  95,  543—7 

Clocks  and  watches,  123,  SS,321  i^n 
tutes  for,  350 

Clysters,  360 

Coach  with  portable  kitchen,  443 

Cor.l-pits,  raising  water  from,  bv  firr,  411 

Cocks,  of  gold,  silver,  fcc.  i^.  if.  jH 
Three  and  four  way,  354,  335, 42i.  4S,44 
462,  523.  Ancient,  394,  557,  brS.  G^t 
4.59.    Siphon,  527.    Sliding,  561 

Collins  of  iron  and  lead,  551 

Cog-wheels,  71,  73,  114,  131.  EdgiM  fa 
cutting  teeth,  323 

Cohesion  of  liquids,  513,  515 

Coining,  Roman  mode  of,  6 

Combs,  87.     Set  prt/aet. 

Condensation  of  steam  by  iiyectioB  diKOlnM 
by  chance,  466 

Conon,  143 

Constantinople,  water-works  at, 43,  So}.  Al 
cieni  baths  at,  552.    Fire-engines  at,  Jlf 

Constellations,  143 

Cooking  by  steam,  471 

Cord  and  bucket  for  raising  water,  6}-il 

Cornucopia,  119, 130 

Corlez,  159—163 

Coryatt,  78 

Cotion  gin,  359 

Coupliiiff  screws,  326,  459 

Couvre  feu,  350 

Crassus,  bad  practice  of  his,  311 

Crates,  saying  of  his  about  war,  309 

Creusa,  383 

Crucibles,  Egyptian,  87,  234 

Crnsad^-rs,  32,  372 

Ciipelo  furnaces,  397 

Cupping,  202,  203 

Curfew  bell.  350 

Ciesibius,  lil,  122,  192,213,259,266-271 
647 

D 

Daedalus,  inventions  ascribed  to  him,  368 

Damasking  linen,  323 

Danaus,  carried  pumps  to  Greece,  130 

Darius,  anecdote  of.  22 

Decaus,  319,  3S0,  410—13,  529,  533 

Delphic  oracle,  241,  392 

Democritus,  saying  of  his,  57 

Demous,  superstitions  respecting,  313,482, S9 

Demosthtiies,  his  father  a  culler,  6 

Dc  Moura's  steam-encine,  463 

Denlatus,  nucodote  of,  19 

Desaguliers,  his  bucket-engines.  63, 66.  M 
marks  on  Savery,460.     81eam-<fuglDe, 461 

Dials,  342 

Djuesters,  392,  393,  446,  447 

Discoveries  in  the  arts,  way  to  make,  K9 

Dioijenes,  buried  heels  up, '3'j 

Dismffand  .spindle,  283 

Distilling,  381,393,4177 

Divination,  bv  water,  34,  36.  With  cup.";,  300, 
201.    With'lire,  383,571.     Steamv-SajSW 

Diving  ships  and  apparatus,  430,  431 

Dogs  in  tread  wheels,  74,  75 
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Doors  and  gates,  self-moviiig,  3S4,  555,556 

D -ve-lailiiig,  S7,  2BS 

Dowry  of  Scipki's  ilaughter,  131 

Drawing  water,  inijio&ed  a&a  puuUbmeut,  84, 

131,033 
Drebble,  C.  I8S,  323.  3SI.  430 
Drinking  vessels,  4,  11, 14—16,  162,  195,  205, 

;"i20— 2 
Dnips  lit  liquid,  51 1 
Dropping  tubes,  199 
Diin.slan,  St.  104,  105.     Adroit  trick  of  his, 

107 
Duich  sioop,93.    Firc-engiiics  and  huse,32S, 

329.     Inventions.     See  prtfiire. 
Dwellings,  heated  by  steam,  471.    Fountainii 

in,  recouiiucudvd,'3Cl,  540 

K 

Kar-trumjieu,  379,  .073 

Ecclesia&te&,  a  fine  i)assage  in,  illustrated, 
132 

Ecrlfbia«tics,  devices  of,  103— lOS,  3S3— 387, 
3!*2  39Si— 400 

Fjl.ivMouc  liglil-house,  25S,  366, 367 

Egvfit,  labor  of,  wliut  it  was,  86 

Egvjitlaii  wells.  26— 2S.  Ciistums,  34,  78, 
.SI,  S3.  87.  Nona,  113.  SI;adof>.',  94,  95. 
Mental,  85.  Chain  of  pois,  123. 131.  'Screw, 
142.  Siphons.  516.  Clepsydra.  544,  547. 
GohUniilhs,  234.    Fire-engine,  307 

Emblematic  devices,  32,  194,  203,261,  314, 
557 

Endu!iiiio.<is,  510 

Kngincs  of  motion,  419,  423 

Engines  to  extinguish  fires,  of  great  antiquity, 
303.  Kmployed  in  ancient  wars,  303,  30a. 
Referred  to  by  AiHilliidnrus, 235, 304.  Des- 
cribetl  and  figured  by  Heron,  305.  Portable 
engines,  V.\.  Svrinse engine,  31.5,317,331. 
German,3.S,  31^,  324,  331.  English,  320, 
321,  322,  33C— 335,  .568.  French,  324,  325, 
327,  32P,  336.  Dutch,  328,331.  American, 
339,  344,  345.  Rotary,  285,  573.  Steam 
firc-en;ines,  338,  346—349 

Englisii,  inventions  of,  323.  See  prefaet. 
Water-works.  294—296  Fire-engines,  320, 
332—335.  Steam-engines,  420,  437,  455, 
465 

Eolian  harp,  \(A 

Folipiles,  an  emblematic  device,  261.  From 
Heron's  Sp'ritalia.  394.  For  blowing  fires, 
395 — 100,  573.  Increasing  draft  of  chim- 
neys, 395,  401.  Diffusing  perfumes,  401. 
Producing  music,  401  Fusing  melaw,  397, 
569,  570.  In  the  human  form,  398,  399. 
Used  in  war,  400.    Charging,  395, 407,  570 

Eolipilic  idols,  398, 400,  570 

Eoius,  god  of  winds,  400 

Kphesus  fountains  at,  49 

Epigram's,  anclrnt,  2&2,  537 

ErcKeis,  blowing  eolipiles  from,  307,  570 

Evans  Oliver,  424 

Evaporation  of  water  from  the  earth,  506 

Ewbank's  eii|^>eriments  on  raising  water,  225. 
Mode  of  propelling  vessels,  406.  Blowing 
tubes,  484 — 196.  Spouting  tubes,  497 — 
604.  Mode  ofevaporatlng^iquids  in  vacuo, 
495.  Experiments  on  the  force  of  sap,  509. 
Increasing  the  draft  of  chimneys,  488.  Ven- 
..'luini^-hipsand  mines,  488.  Si|.hons,527, 
628.  iMiihon  cocks,  .'>27.  Tubular  valve, 
6!^.  Sliding  ce^--.  660, 561.  Tinned  leaden 
pipes,  555 

Explosion  of  boilers.  392 

Explosive  motive  cct-^ei,  441, 430, 471—473 


Faye's  La,  improred  tympanum.  III 

Feast  of  Cana.  siphons  used  ai,  5f7 

Females,  employment  of  ancient,  2i>3 

Fetters.  Lacedemonians  bound  with  their  own, 
84.    Found  on  skeletons  in  Pompeii,  29 

Fire,  modes  of  obtaining  it,  197.  Sacred,  196 
197.  Su|>cr»tilions  resjiecting,  312 — 314 
Protecting  buildings  from,  304,  349.  Greek 
fire,  307.  Laws  respecting,  3ol.  Raising 
water  by,  374—384,  418.  419,  431,  443. 
Kindling  on  altars,  383,  384 

Fire-cscupes,  350  • 

Fire-engines,  303-  U9, 5*3 

Firemen,  Roman,  309.    American,  340 — 345 

Fire-places,  4*3 

Fish,  fishing,  86,  87,  185.  Nets,  650.  Salt- 
ing fish,  8b 

Filch,  John,  424 

flatterers,  among  men  ol  science,  143,  145 

Flies,  curiiiiis  mechanism  of,  182,  183 

FIving,  103,  104,324,430 

Fly-wheels,  278, 2H3 

Fliuits  fur  steam-boilers.  471 

Fludd,  Robert,  65,  194,  319,  3»t,  407 

Furcin'.;  pumjis,  262 

Forks  derived  from  China,  70.  Their  use  K 
Europe,  76—78 

Foriifieatuiii,  »  moveable  one,  430 

Fortune,  wheel  of,  1 19 

Fountains,  27, 33,  34,  a5, 41,  43,  49,  119,163; 
170.     Artificial,  30,  361,  379,  445,  532—541 

Fountain  lamps,  ke.  193 

Forcing  pumps,  262 — 2,S1 

Francini's  bucket  machine,    128 

Francois'  sit-ani  machine,  463 

French  inventions.  See  pre/are.  Water' 
works,  277,  296—298.  Fire-engines,  317 
324—331,  336 

Friclionless  pumps,  308,  209,  321,  274,  668. 
See  btllovt  putnps. 

Frogs,  climb  by  atmospheric  pressure,  183 

Fuel,  in  steam  idols,  400.  Lord  £acon  on, 
417 

Fulton,  Robert,  359,  464 

Fusee,  71.     Fusee  windlass,  69 — 71 

Future  happiness,  erroneuuit  views  of,  508 


Gaining  and  losing  buckets,64 — 66,  138    . 

Galileo,  104,  l«7,"lSS 

Games,  ancient,  8! 

Garcilassu,  167,  170,  fi09 

Gardens,  ^^gmizji,  101.     Ilabylnman,    134, 

Mexican,  163,  537.     Peroviiin,  17'.     Ko 

man,  536.    Italian,  537.     Persian,  539,  673 

Floating,  .039 
Garden   watering  pots,  194,  195,  567,  673I, 
Garden  syringes,  261 

Gates  and  doors,  closed  by  machinery,  5.56 
Gauls,  36.    Induced  to  invade  Rome  by  th« 

report  of  a  smith,  19 
Geese,  in  tread  wheels,  75 
Genevieve,  St.  37 
GeiLsanne's  engine,  463 
Gerbert,  104,  401 
German  snail.  13.'),    Bellows  pump,  207.   Fire. 

engines,  319, 323 — 326.   German  inventions 

Ser  pre/act. 
Gesner,  381 
Geysers,  411,507 
Ghiss,  painting  un,  4.     Engine  for  working 

323.    Mirrors,  131.    Glass  liunb  o(  Belui. 

200 
Glass  tubes,  curious  motion  of,  429 
Glazier's  vise,  antiquity  of,  554 
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Gliiub«r,  de»ic«  ot  hi».  111.     Safely  vnlve» 

u»e<i  by  him,  4il.    WooJcn  boiler»,  470 
Glue,  aiicinit,  S7, 
Gniit,  llic,  a  boat  buiM'fr,  2o8 
Goals  employed  id  treat]  wheels,  I3S.  Baltlea 

bcivrvcii,  3<>6 
Ooblets  lor  unwelcome  g\icil»,521.    Magical, 

M» 
Golil-benlin?,  S7 

Golden  le"iiid,  extract  from,  313,  3U 
Godse-neck  jninl,  307,  322,  3J7,  673.     Substi- 

tiue  for.  3-34— 3:6 
Go&set's  fnclitmleNS  |mmp,  308 
troths  employed  beurs  m  tread  wbe?l      74 
Gmvily,  >u*.]HMi%ion  oCohjecta  n^nn.fk^,  .'4* 
Greece,  wells  in,  27,  36.     Anti(|uit<?9  found 

in  ihoin,  5(1.     Water  raised  Irom  tbeia  by 

the  swniie,  96 
Greek>,  ^OH 

lireen-hiMivfs  lieatcd  by  steam,  471 
Guo^  C">k«,  459 
Guage,  mercurial,  4.'^l 
Guerricke,  Otto.  ISI.190,  426 
(iulf  stream,  477.  47s 
Gun«,  re].eiiiiiii;,  -1*1.     Air,  ISl,  I9S,  170,379, 

073.     Sleam,  :i!l.i,  -123,  ."173 
Cuii(Kiwder,    143,    3VJ.      Known    In     Rn^er 

Bacon,  403.     ICiigiuet  moved  by,  44I,4i'0, 

472 
Gutter;,  for  raioinj;  water,  8S,  91,  9f.   Spoau 

of,  oniumcatud,  119 

H 

Hair,coloringit jiracliwd  ofold,  I!0.     Bere. 

nice's  luir,  143.    Pulling  op  trees  by  one  of 

Siinipson'K  huirii,  4KS 
HamiiHi,  water-WKrkj  lit,  115,  116 
Ilummer,  its  urigm  and  history,  5,  6 
Hand,  ii«cd  a»  ii  cup,  11,  40,  52.    Artificial 

band, 4 
Ha»kiir»  ((uicktilver  pump, 374  2.'* 
Haiilelille,44l 
Heart,  tlii',  a  jminp,  2;>8 
llet^i>o>lratun,  wooden  foot  of,  4 
llelepoleii,  304 

Hcliopidi*,  fniiiiiain  at,  43,  49 
llelinKul.aliu    177,  i61 
tieraldic  devices.  361,  314,  396 
Keiculiiiieum,  wclUat,2S,  39,55.    Fountains 

al,l>3t 
Hereward,  the  Saxon.  36 
Herodnius.  (luoted,  4.  II    l»,  20,29,  27,  5S, 

79,  IsO.  SI,M,96,  133.211,260 
Heroes,  nid  ineelmnics  I  lie  true,  5 
UeroB,  6.^.     Ili»  loiiiil.nn,  361.    Air-niachinp*, 

T}>*.     Account  of  Init  Sjiiritalia,  385,  USB. 

Kolipilcs  from,  394 
Hierni;lypliic«,  American,  164 
Hindoi".,  tlir.ir  mode  of  dnnKinsr,  II.     WelU, 

30,    3?,,   3.),   3S,  3-2.     earning  water,   S4. 

Picolah,  97.     Swunfin^  lm>1tei.  85.    Janiii, 

h9,  PO.    Svringes,  200,  261.   Water-clocks, 

544 
Hire  La,  his  double  nrtini;  pump,  271 
Holy  water,  ilerivcd   from  'he  bVathen,  16fl, 

196,  ?»i6.     Ancient  vase  '.  f-  selline  it,  3S7. 

0»ed  111  consecrating  bells,  313,    .•.4,  and 

variiHis  other  articles,  196 
Homer,  ntioted,  19,  21 .  22,  33, 233,  240,  830, 

.536.     h'ewl  a  school  at  Scio,  131 
Honors,  ;;iles  of,  ab»uiU  oiigin  of  some,  144, 

M.'i,  44.1,  44b 
hookah,  270 
Hooke,  Dr.  441 
Horn  of  iiliiinilaiice.  119, 130 
Horn,  dnnkinji  baving  rc^poctijs  it.  explain- 
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llour-2Usse«,  ."vtS,  547 

Hose  pipes,  3()»,  326—328,  >JS 

House  warming,  37 

tliidibrn".  26.i 

Hurricanes,  commence  at  the  IcevarJ,  4EI 

HitV!{beii(.,  441 

Hydraulic  bell,  137 

Hydraulic  ram.  367—372 

Hydraulic  iiiacitiiies,  ancient.  7,  10,  >tl,  im 

132— I. V>,  267.    Usi-I  lU  lirst  movers  of  ou 

chmery,  I2S,  140,  I'lS 
Hydrostatic  press,  276 

I 

.  lo..,  8»,  106— 108.    Kolipilic,39S.399,.i7l>- 

■  572 

Impiisvtres,  33,    106— 103,    376—378.      Sil 

juxeling. 
Imprisoning  chairs,  429,  573 
Imc;i5  of  Peru.     Aouedftcts  erected  br  them 

165—168 
Incendiaries,  308,  350.    Ponishmen:  of,  351 
India  ink,  70 

Indi.ms,  .\merican,  50,  107,  ISO 
Inertia,  373,  603 
Intermitting  springs.  .')06 
Inventions,  how  realized.  359.     Few  rerord 

e<l,  416.     Cause  of  this,  437.     Ad<anisc>^ 

of  r'cordinij  them,  453.     Century  of,  64. 

140,  362,  42-S— 43S 
Inventors,  old,  concealed  their    liscoveries, 

and  why,  427.     lomaturcd,  439 
Iodine,  discovery  •■4',  414 
Iron  cniildrons  solilered,  20.     Inm  statue*^ 

142.     I'laniiii:  iron,  2>3 
Iron  first  cast  in  Kneland.  .>>3 
Irngntion,  2S,  79.  SO,  S3,  S4,  95.  US.  119. 

126,  131,  132,  163.    Aquarius,  an  enibiem 

of,  119 
Italian  mode  nt  raisin;  wnter  to  upper  Aoo,-s 

63.     Fountains,  634,  537 


Jack,  old  name  of  a  man.«ervant,75.  Smoke* 

jack,  il'id. 
Jnck  of  Hilton,  a  Snxnn  eolipile,  398 
.lacks  of  the  clock,  543 
Jacob's  well,  3.S.  42,  44 
Jacnlator  6sh.  2.57 
Jniiiii,  S9.     Alln.led  to  by  Mos,..»,  90 
Jannnese  water-works,  12'>..Vi7.     Clocks,  5* 
Jennnhai.  pnrirail  olet  Thebes,  116 
Jetsd'eau.  163. -53.'— 541 
Jeweled  holes  (iir  pivots  of  watches,  122, 54T 
Jews,  their  wells,  3.5,  33,  34.    Watenn;  land 

»6.    Their  arts,  133 
Joseph's  well.  3S(  4.5—47.     Divinin;  cup,  20O 
Jwephiis,  f|iii>tecl,  Sf,  to,  .54 
Jiii;i;liiiil,  juvjlers.  mauicinns,  Jtc.  2.3,  108— 

ins,  19S— 2i>l,  376— 3s5,  519,  .521—533 
Juvenal,  rpioied     19,43,  131,  310,  311,  lit, 

377.    Banished,  4tj 

R 
Kircher,  on  the  apeakini;  statue  of  Memnsu. 

37„7.     Bellows-tiuinp  from,  243.     Tame.it 

spit   by  nn  eidipile,    396.      His  mode  ol 

raising  water  bv  steam,  422 
Kitchens,  Vi.    Egyptian,  337, 838,  517 
Kites,  bovi',  423 
Knives  of  50I.I  and  edged  with  iron,  5.    t/fi 

able  knives,  205 
Koran,  quoted,  10,  M,  117 


I.ahan's  imnires,  571 
Ladders,  portable    %0  431 
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Laxcs  Moris  and  Mareotis,  SO 

'.amps,  342^  243,  421 

Camera  bei.jws,  237—240.    Pump,  241, 242 

Lares.     Stt  Idols. 

Lateral  communication  of  motion,  475— 4S0 

Laver  of  brass,  567 

Law,  a  bar  to  the  progress  of  the  arts,  427 

Lead,  pii;s  of:  leaden  roofs,  coffins,  rolled 

lead,  pi|>es,  <fcc.  163,  211,  550 — obi 
Leaden  pipes  tinned,  565 
Leather  pijies,  304,  326 
Lenses,  concave  and  convex,  3S0,  ?$I 
Leopold's   Kire-engmes,    329 — 33t,     Steam- 

cr.cines,  462,  46!) 
Level,   268 
Li'rrary,  in  an  anvicnt  ship,  147.   Alexandrian, 

destroyed,  41.'> 
Lioi.s'  heads  on  cocks,  gutters,  &c.  1 19, 657 
Liqicr  tasters   195,  199 
Llama  of  Peru,  2.^>7 
Load  stone  for  suspending  an  iron  statue,  &c, 

142 
Lobster's  tai',  mechanism  of,  258 
Locomo.ive  carriages.  403,  423,  424,    473. 

Incrcasinf;  draft  of  chimneys  of,  397,  488 
London  waicr-works:  294—296,  321,434, 667 
Lookinss-glasses,  121 
Lucan,  quoted,  lOS,  125,  640  ^ 

Lustral  vase  and  water.  3S7 

M 

Macaroni,  kneading,  91 

Machines,  worked  by  the  feet,  90, 237-839. 
War  machmcs,  30o 

Machines  of  Clcsibius,  122, 192, 2 1 3, 359,266— 
270,  ,i47 

Madagascar,  bellows  of,  246,  352 

Magic  goblets,  618,  620 

Magnet,  ahcient  one,  142 

Mahomrilsns,  traditions  and  customs  of,  13, 
5o,  36 

Mahomet,  10.  64.    His  coffin,  143 

Man.  his  body  a  living  pump,  257.  His  past 
and  future  condition,  388—390,  (08 

Manco  Capac,  168,  172 

Mangle,  Chinese,  90 

Manuscripts,  108 

Mermer's  compass,  143 

Marli,  water-works  at,  296—298 

Mars,  represented,  308 

Martial,  quoted,  521 

Mastn(h>n,  tradition  of,  165.  No  extinct  ani- 
mals of  the  ox  kind  thirty  feet  high,  310 

Mathesijis,  410 

Mechanic  powers,  origin  of  some,  1.  Imple- 
ments, 5,  6 

Mechanics,  ancient,  little  known  of  them, 
3,  4.  .\r.  account  of  their  works  and  wo^k- 
shops  would  hare  been  invaluable,  4.  The 
true  heroes  of  old,  4,  6.  Kormerly  seated 
when  at  work,  139,  240.  Advantages  of 
studying'  the  mechanism  of  animaU,  9^. 
Old  priests  first-rate  mechanics,  104,  401, 
441 

Mechanism,  reTolTiDR,  2S2 — 284 

Hedea,  invcntress  of  warm  and  vapor  baths, 
'20 

Medicines,  quack,  120 

Mcmnon,  statue  of,  377, 401 

Mercurial  guige  and  safety  valves,  451 

Metals,  hammered  into  plates,  2,  283,  551. 
Drawn  into  wire,  2.  And  into  jtiprs,  554. 
Ancient  works  in,  6, 87, 162, 171, 667.  See 
pre/((c«. 

Ml  tallic  ;r.:rrors,  121 

Mexicans,  34,  159—163 

WUs,  2!ia.  419,  423 


Mines,  ventilation   of,  48S     Raising  watM 

from.   See  Agrieola,  Mam*eye,Sintry,Nev> 

comen,  H'orceiltr. 
Mirrors,  S7,  121,  172 
Moclach,  a  vizier,  55 
Momentum,s&3, 366,367, 073.   AnimnlshaTa 

a  knowledge  of  it,  366 
Monks,  their  ingenuity  and  professions,  104^> 

lOS,  386 
Momgolfier's  ram,  369—372 
Moon,  Wilkin's  project  to  reach  it,  103 
Horeland,  Samuel,  (lis  pumji  and  speaking- 

trumpet,  273.    Steam-engine,  441^45 
Morey's  motive  engine,  473 
Motion,  transmitted  by  air.  448.     Rotary, 

2.S2— »)4 
Motive  eng'ncs,  423,  473—474 
Mouth,  various  operations  of,  477 
Musical  niachinet,  17,  381.    See  EMfUe* 

Memnan. 
Mythology,  Egyptian,  82—85.   Peruvian,  161 

N 

Naamah,  the  supposeil  inventresi  of  spinning, 

2h3 
Nabis.  his  cruelty,  573 
National  vauntings,  40S 
Natural  pump-  and  devices  for  raising  liquitb 

209,  210,  2oi;— 258, 305—613 
Neptune,  507 
Nero,  his  golden  house,  539.    Water-cl,<ek, 

549 
Nets,  fishing,  86,  87 
Ncw-Amsiordam,  wells  in   299.    Fires  and 

fire-wardens  in,  339,  340 
New- York,  minutes  nf  common  council,  299 

300.    Old  treasury  note,  300.   Fire-engines, 

541—345 
Newcnmen  and   Cawley's  engine,  396,  464 

—468 
Niagara  falls,  currents  of  air  at,  476 
Nineveh,  well  at,  26,  36 
Noria, Chinese,  112.  E:^'ptian,I13.  Spanish, 

114.    Roman,  113.    Syria..  116.   Mexican, 

163 
Nurembnrg,  in  the  16th century,  C34    Cariom  ^ 

report  of  Engineera,  M6 ,  g^  ^  f  „  .{  /  ^  I^J 

Omar,  logic  of.  416 

Oracle  at  Dclptti.  prediction  of,  iA 

Organs,  547—630 

Organ-makers,  priests,  401 

Osei'lation  of  liuuids,  497 

Osifis,  82.    Made  his  nwi:  piough,  S3,  133 

Ovid,  quoted,  II,  13,52,  'li,  120 

Oysters,  swallowing,  181 ,   Their  movements, 

257 

P 
PaiMlc-wheels,  464      Their  antiquity,  406 

SuhKtitutes  <br,  291,  40«j 
Palladium  of  Troy,  12,  571 
Panama  chains,  162 
Paper,  Chinese  mill,  90     Made  by  steam, 

3,S8,    Experiments  with  a  sheet  of,  483, 

Marbling,  323 
Papin,  1,     His  air-gun,   181.    Driven   from 

France  by  religious  persecution,  446.    Hit 

digesters,  447.    Safety  valve,  447,461.  Ai^ 

machine,  447 — 430.    Ex|ilr«  ■•  e  engme,  460 

Steam  machines,  450 — 452 
Parabolic  jambs  of  fire-places,  483 
Paris,  water-works  of,  296-298.  Fire-engioe* 

327—331,336 
Pascal,  his  experiments  ou  atmospheric  pn* 

sure, 189 
Patents  and  patentees,  old,  439 
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Ptviiig  I'ltifs,  553 

PciJ«l  (nr  loundicg  ric»,  90,  91 

Prcn,  cuslnms  m,  retpeuting  wateri  33 

Prlaiinuc,   164 

Pcniluliiin  maitiinp   lo  rai»e  wnier,  92,  93. 

'^cinJulum  Uir  walchp^,  441 

f'cnolopc  and  t'lvtw.*.  2>3 

■Vrfumpd  f.iiinla:n»,  5T>,  MO 

^irfumc:-  ilisi  iTsril  by  cohiMlcs,  401 

^r)K.'liinl  moUoi)».  5U6,  5tjt 

Peruvian!.,  llii-ir  Asialic  ongin  iloubtful,  173, 

Whisllinz    bollles   of,  17.      Mirmrs,    131, 

ITS.    Weill,  and  irrientiiiM,  I6.T — 167.  C«m. 

mon   iH''n*lls  of  cnld,  171.     Anrienl  ciijr 

ditnilerred,  17.     S-ieking  tuV«,  2f>4.     Not 

i^nrnnt  ol  ilie  lielliiw»,  2o3 — 256.    Dials, 

6*2,  547 
Pct»i  injt,  woTsliipcd  wilU,  36.    Ambasmdora 

tlirnvn  mm  »'rll<,  Tl.     (luising  water,  96, 

673.     Koiintmns.  ."i3!t,  .Ml 
Pcrjffin  wlire.  iiir  raiMn?  w.Uit,  115 
Peler  Martyr,  (,in.eil.  I'lw;,  «M 
Pewl^r  uiid  (ivv  crer*.  '.tii,  ?60 
Philxdelpliut,  walcr-worku  of,  300.    Fire-en- 

94i<.t«,  ;t44 
Phnc'on,  .'.37,  r*.5 

Pinm,  i\  bird  tlint  devnnrod  men,  I6.i 
Picomli,  n  iiiacliine  lo  r»i»e  w»ier,  97 
Pins  nnd   ncrdlct,  61,   III.    Fir»t  made  in 

RDsl.ind,  333 
Pipe*,  w,iicr,  flexible,  J.'iS.     tn  Mexico,  163, 

In   Peru,  no.     Asia,  ill.     Poin|.rii,  211, 

553,     Rome,   2;3,   552.     Of  earllienware, 

fit).    Of  IfUncr,  304.     Of  lead,  .i52,  653. 

Drawn,  .V)4.    Tinned,  555 
Pipkins,  IS,  19 

Pwtons,  »>6.  314.  315,  307,  438 
Pitton  bellowii,  344 — 2/i3 
Pillion  and  cylinder,  Mfious  applicntioo*  of, 

35S,  X><).  A-2o 
PiiKlnn  t.IeNin-i.ntrine,of  Worce»ier,43.5 — 437. 

Of  lluulcfille  and  Huyglirn»,  441.     Of  Pa. 

pin,4;<).   Of  Newcomen,  465.   Of  Leopold, 

469 
Plain,  his  view>  of  ntiechanics,  3.     Unmusi- 
cal elocUs,  643,  64S 
PInv-bills,  ancienl  one,  540 
Pliiiv  llie  older,  quou-u,9,  15,  19,  35,  43,  6S, 

7!i,  M,  96,  130,  192,  194,  203,213,  213,265, 

270,549,661,     Hia  dealt),  2S 
Plinv  the  younger,  his  letter  to  Tnijnn,  309. 

ACrniini  01  his  Hardens.  .iSC 
Ptoui-h,  >2,  K.  1 32.     Engine  for  drawinj,  433 
Pluturih.  niioted,  3,  12,  »1,  118,  31 1,  300,337, 

642,  54S 
Pnnon,  in  well»,  40 
Pompeii,  ill  ilWororr,  59.    ..ntiquitics  found 

m,29,  30,  43,  ,V),  211,5.53 
Porta,  Bnplisl,  1,413.    Quoted ,  379,  3SI .  430, 

liis  DiitMcr.  393.     Raiseil  water  hv  he,ni, 

379.    Hysleam,407— toy.     My  «  .iphon.  529 
Potter,  a  boy,    who  ina.le  Cic  struin-cngine 

self-ticline,  470 
rre!.«ure  riiione«,  352 — 362.     Natural,  .506 
Presier,  .Icifin,  Sghts  the  Itongals  with  eoli- 

piles,  4(KI 
Pnnting,  2,  70,  3^S 
Printers'  device*,  194 
pTMectors,  ridiculed  in  a  public  i<mceMton, 

439 
Propelling  Teatela  on  water.     Sii  Paddtt- 

vhfrU. 
Pulley,  it«  nriilin,  u»ed  by  the  Rgyptians,  69. 

Used  for  raiMnfi  waier,  5^ — ti3 
Puirp*,   atmospheric :   of  uncertain   origin, 

2l5.     Meiil.oned    hv  Plinr,  96,  213.     See 

>Jto  211—230.    Lini'iis  to  which  walerriics 


in,  190,  ?S3.  These  limits  known  l«  t'.i 
pump  iiiiiken  1^1.  Deeepiirr,..  ti.'!.  •;», 
225.     U«g-piiiiip,  209.     Ik-;  — 

210.     Ilurr,  do  214.     C<-ntr  ;M 

2;)0.  Oermnn.do.  13?,  »;.  .1^.  ^i;..  Ni 
tural,  do.2ri!l,3IO.  Liquor,  do.  215.  Spa- 
nish, do.  217,  224 

I'umiw,  forcna,  262 — 293.     '  ■■ 

263.    Knema.2()3.     Belljv 

iSS.     Double  aeiinc.  S71.     .' ; . ..; 

.intiirai,  2l,!),  210, 2;)6— 268.  Si«iau.i'h.  2M 
riuiicer,  372,  444.  Perkina'SSI.  Roi-irr 
2S4— 291 ,  373  Reciprocklmf  rol^y,  29j 
293 

Pumps  lifli.iT,  277 — 279 

Puster^h  a  steam  Idol,  399 

Pythag.iiu  43:> 


Quadrant,  ihe,  iiiTented  by  Godfrey,  143 

Quern,  iusnd-mill.  3K3 

QiiiPpiiH.  hidnrical  cords  of  the  Penituas 

l&S,  172 

R 
Rain  at  Ttielies,  a  prodigy .  SI 
Ran«,  balleninr,3wl.    siphon  ram. 331     W». 

ter  Qii:is,  3Mi — 372.     .Siitural  water  nsat 

506 
Aaniscye,  his  patent  for  miMng  wnler  ^in, 

419 
n*snr5,  brnnie,  121.    Mexican,  102 
Ueri|Torating  rotatory  pumps,  292,  2(9 
Regal,  650 

Relitiiciis  f«ncentiofU.  446 
Reitiiira.  socking  (ish,  185 
Kcs|iinilion,  473,  *77 
R.'linrd  III.  his  coliin,  a  watering  trough,  I* 
Siddles.  437 

Kigny,  De,  his  Meam  machine,  46) 
Rivilr,  a  S*i«s  m.i'.-Iiiui*t,  462 
Riviu,  his  II  e,  473 

Kivius,  ec  •'!<! 

Rocking  III.  losing  water,  93 

Rolluig  press,  J2.i 
Rome,  invaded  by  the  Oauls  from  the  rejmfj 

of  a  . smith,  19.     Houses  m,  310 
Roman  wel1«,  2!s,34,40,  41,  50.    Cluin  of 

pots.  124.  Water  screw,  I3K.    Fire-rticin»» 

310,311.     Firemen,  309.     Fountain*;  533 

.V19,  ,510.     Mirrors,  121 
Rootle  ufGrace,  an  Knglisb  idol,  106 
Ro|ie  pump,  136 
Rnt.itpry  movements,  282 — 284 
Kniamry  pumps,  2*1 — 291.     Defects  ol, ! 
RiiMiia,  pumps  m,  220 

8 
Safely  Talret,  $57, 391,  447,  461 
Sails  of  ships,  36S 
Salailia.  47.  372 
SalimE  6f^\.  Ml  Kgypt,  S8.    Its  revital  in  Bk^ 

rone,  .X) 
Snnij'i'.s'Kliello,  203 
.«3p,  ascent  of,  507—509 
Sarbacnus.  266 

Sari'oplmsii,  used  as  watering  troughs,  49  I! 
Sniice  puns,  21 
Savery,  his  espertmenis  and  engmoa,  45^ 

460.     Ills  bellows,  483 
.Saw.  26.S 
Scipiu,  his  baths,  658,    Dowry  of  his  ditifli 

lev,  121 
Sco<i|>,  to  raise  water,  .93,    Scoop  whe«l  II. 
Scots,  worshiped  well*,  37 
Screws  for  misiiig  wnler,  IS':— 142,  SW 
Scjlhiiui  Itiidiliuu,   13 


ivnBX. 


eo-" 


Soteoa,  qpoted,  t6. 310, 394,  .US 

Scrrierr,  nis  inTentions,  63, 9l,3ti&,  -129 

Shadoof,  K^yftian.  94,  93 

Sbako^iH'arV,  qonied,  or  illuxtnited,  195,  330 
401   o34,  d3u 

8herl-lfad  and  olhrr  metal5,  551 

S!ii|)s,  sl<-ain.  of  <;arav,  403.  Of  Ramseyr, 
419.     Vciiiiktimi  of,"4SS 

Ship-buildiiis,  aiic:riit,  1  Iti,  1 47.    Chinew,  1.58 

81l^|>I•ulnll^,'l43, 147, 164—157,214—217,227. 
5(>7 

ShfM^s.'dncJpnt,  60.    Motezama'i,  161 

Shrine  ol  Hocket,  106 

Sianiex'  wal«*^•clock^,  544 

Sieve,  Tuiia  carrviii?  water  in  one,  198.  The 
trick  fX|ilaiiit-<f,  ibid. 

&ilk,  watvnii'j;  ot.  323 

Silver  |iiii«?s,  i-ock<  and  ci«teni«,  170,5.57,  .560 

Siplinii^,  192,  193,  212,  itiH,  514—532.  Ca- 
pillary,513.  .Natural, 500'.  Kam,.53I.  Act 
III  vacuo,  al.'i.  Otlii-r  devices  io  named, 
212.213.304.307,311,315 

Smok*^  jacks,  lo 

Sinukins  loliacco,  2*0,  4.51,  477 

Soa)>-iiiakuig,  ruisni!;  ley  liy  sieam.4I3,  414. 
(>rt>al  Mini«i  expendel  on  boap,  Ibid.  Soap 
farlory  in  I-'uinpeii,  ibid. 

Socrale-',  537 

Eolderin!:,  .551.  Cast  iron,  20.  Phenomenon 
aivendiii^,  512 

Soliimnii,  ri>icm.';  of,  48 

Soullliiir.  .504 

Spaniard*,  iticir  cnnqncsl  of  A.nerica,  1.59 

Spanish  I'linip.iiiaker,  niiecdole  of,  224.  Spa- 
nish stfaiii-sliip,  4U3 — IU6.  Cliuiu  of  pots, 
120.     Krli-,  314 

Speakiii'.;  iniu-s,  106.  107.  Trum|ifts,  £73, 
315.     Heads,  lOti,  iO)>,  377 

Special  les,  "0 

8|teruliinis,  121 

Spiimx,  ll'l.  437 

Spindie,  spinniii!:,  &c.  283,  £S4 

Spiral  jninip,  3<^3 

Spiritalia.  a  wiirK  wrillen  hv  Hemn, 270,306, 
312.  370,  3,M>,  415,  51S— 520 

Sponling  lubes,  497— i)04 

Surinkliii'j;  vessels,  atmospheric,  194—196,667 

SpurtiiiK  snake,  257 

8131^^143.  Iron  one  of  Arsinoe.  142.  Of 
-Memnon,  377,  -101.     Leaden,  535,  .550 

Steam,  its  effects,  3.59,  3.SS— 391.  lis  me- 
chanical properties,  391.  392.  407.  409. 
Sui>|'0*rd  identity  wiih  air,  395—400,  41S 
—42 1,. 572 

Steain-bnats,  403.  419, 423, 4:4, 433 

Sleain-boilors  of  coiled  lubes,  394.  Of  wood 
and  granite,  470 

Steam aimer,  2.S4,  3.59,  425.     Heron's,  394. 

Garav's,  104.  Branca's,  418.  Classification 
of,  -125.  Worceslcr's,  437.  Moreland's, 
442—444.  l>a|iin'»,  4.50 — 452.  Savery's, 
455 — (60.  Oilier  engines,  462—464.  New- 
conien's,  465.  Leopold's,  469.  Made  seli- 
aclini;  by  a  toy,  251,  470 

Steain-unns,  3!<5,  .573 

Sleain-idoN,  39.'.,  3i)S,  399,  570—572 

Steani-niachinisls,  courtiers,  445 

Stings  of  b»es,  2.57 

Stomach  pump,  264 

fcloves,  Chinese,  70.     Fire.places,  4,S3 

Strabo's  .iccnunt  of  .Meiiinun,  377 

Stuvvesani,  Peier,    p.'oclainations    by  him, 

s:"!,  3»<) 

■qcKcrs, boys',  1«1.  Kainral,  182, 1.S3,  l.S.|,IS6 
VnckinK  tubes.  2('3, 204.  Suckips;  wounds,  202 
Suction,  201,202 
Bagar  boiling  in  vacuo,  495 


Sulphur  Imths,  ancient.  120 

Sub.  raising  water  by  the  heat  of,  378 — 3K 

Distilling  by,  381. '  Raising  steam  by,  471* 
Surgical  inslriimenis,  found  at  l*om|icii  282 
Swape,  94—103 
Syene,wcll  al,  48 
Syracuse,  dial  at,  .542.    The  name  of  Arch? 

medes'  ship,  146 
Syringe,  259 — ^201.     An  emblematic  devic» 

261.    Used  a&  tirii-cngines,  312,  313—317 


TacitUd,  quoted,  214 

Tanks,  water,  .S3 

Tantalus,  city  of,  98.    Cups,  .590 

Tartar  necromancy,  522 

Tenures,  398 

Teraphiin,  571.572 

Tczcuco,  161.    Supplied  with  water,  163 

Theatres,  fountains  in,  recommended, 540 

Thebes,  a  womler  at,  81 

Theinislocles,  43 

Thendorus,  of  Samos,  5 

Thirst,  modes  of  quenching,  II     Sufforiags 

from,  31 ,  32 
Tinkers,  Cliinese,  20, 248 
TIascala,  159.     Its  wnler-works,  160 
Tobacco  smoking,  270,  454, 477.    Kiigine  foi 

cutting,  323 
Toledo,  old  water-works  at,  394 
Tollecs,  160 

TooU,5,S7,  132,  172,268 
Toothed  wheels,  71.  72,  114, 131 
Tornados,  482 
Torricelli,  187,  I.SS 
Tourne-hroche,  76,  7S,  l>65.    Eolipilic,  396, 

398,429 
Towers,  trar.  304 
Toys,  87, 26^ 
Traditions   of  the    Mahomedans  and    8cT- 

thians,  12     Arabs,  95.    Peruvians,  167 
Tr^dn,  )>is  diiecti'.>.;s  lespecting  fires,  30S 
Traps  for  drain"  562,  .563 
Trcad-wheeis,  7J,  ''4.  76,  116. 1!7,  1.52 
Treasury  note,  copy  of  a:i  oM  one,  300 
Trees  of  Australia,'.509.    t'-i  siivei  braM,&c- 

538 
Trevithick's  pump,  280 
Trii-ks.    SttJug^ine. 
Triton,  musical,  of  siher  634 
TrnmM,  or  shower  bellain,  476 
Troy,  fountains  at,  49 

Trumpets,  siieaking,  273,  342.    Ear,  379,  S73 
Tubal  Cain ,  his  bellows,  232.     See  Vulran. 
Turkish  fountains,  31.    Fire-engines,  316 
Tuiia,  carrying  water  in  a  sieve,  19.S,  386 
Tympanum  for  raising  water,  110,  114 
Tyre,  a  well  at,  38.    Gloss  mirrors  made  at. 

121 

U 
Union  joints,  326, 459 

V 
Vacuum,  B.  Porta  on,   379.     Produced  by 

steam,  407,  489.     In  open  tubes,  48£ — UA 

Bailing  sugar  in,  495 
Valentinian,  anecdote  of,  196 
Valves,  232,  235, 268,  307,  535, 5.56.    Safoly, 

387,391,447,451 
Va|)or  engines,  441 ,  472, 473 
Vases,  ancient,  16, 17.    For  lust  al  water.  3S" 
Vauxhall,  engines  ai,  434.    Gardens,  445 
Vecetius,  old  translation  of,  177,  207,  31' 

430,  522 
Veneering.  87 

Ventilation  of  mines,  ships,  ttc.  48S 
Venturi,  ezperimentii  by,  478 — 480 


tm 


■nms 


Vt«ain,  t9»-197.  SRI 

Tnp\,  qooted, »,  11,  IS,  13, 34, 117, 938,  SOt 

ViiNon  of  Mahomat,  98 

VitniTiui,  qnoted,  9,  34,  109,  113,117, 1S4, 

lae,  IBS,  S44, 366, 269,  39«,  39» 
Vulcan,  bellows  of,  23!,  939. 340.  Tripha» 
s,66ti.   impmomng  chair,  573 


W 
WRoat,  ttram,  4S3, 434 
Walra*,  climha  by  atmoMtheriepreamm,  183 
Wan,  warrior*,  3,  308;  309.    Set  prf/kc$. 
WalJinand  cloclu,7I,  US,3B3,  3S0,  441^ 
60— M7 

Waich  chains,  333 

Watrr,  iu  imj»rtanc«  fa  naxare  and  thaartti 
9,  309,  3IHI.  Soppoied  identity  with  air, 
396,  418, 410,  431, 673.  Wonhtpfd,  33— 
37, 565.  Penalty  lor  stealing,  43.  Fresh 
ilipped  irom  Itie  sea,  510 

Water  beds,  178.  Bombs,  349.  Canes,  37S. 
Oirriers,  83, 84.  Closets,  561.  Hammer, 
367.  Late.  451.  Power,  4!i0.  Rams,  368 
—371.  S|ioAs,477,5I0.  Wheeik,  135,983, 
968 

Water^works  M  Baraalh,  116.  In  Japaa, 
133.  At  Babvlon,  133— 135.  OfthePem- 
Tjans,  165—179.  Mnxicasa,  160—169.  At 
Augsliuigh,  Bremen,  Tolrda,  Paris,  and 
Lmidoa,9»t,996,996.  Old  ones  described, 
438.    In  America,  988.    Roman,  367, 480 

Walt,  145, 358.    S**  pnfke*. 

Wares,  366, 367 

Wedn,  968 

Weainer-.ybssea,  37S 

WeeiMDs  linages,  lOb 

Wells,  34— iSjAS,  71, 941,965.  Sotaa'slnws 
fesnectinc,  37.  Reflecuoos  on,  48.  Veati- 
httraa  of;  4N8.  WorKhiped,  33—37,  565. 
Ancicit  .American  wells,  50,  160—167. 
Their  examination  d'sirable,  50 

Wheels,  dasL,  94.  Other  wheels  to  raise 
water  109—116.  Whsel  of  fortiroe,  118. 
Snop    III.    Persian,  115.    CapsIBB    77 


Wlwela,  treaa.  -n-^n,  %H,  in,  M  V 

71,79,114,131  ^ 

Wtiistlea,iaPaniTiaahauks,tt  CUl« 

'  cutis,  901 
Whitney,  Kli,  SS9 
Wliitehnrst's  water  ram,  313 
Wilkiiw,  Blslu>p,qaoieiI.  108,  IOI,lN,dl 

499— 43l,e«8 
Windlaaa,  <B— 7t,  SIS  .  r 
Wind-mills,  199, 139,.W,  158,418.69 
Wines,  coneenliatiaa  of,  440.   Hiaed,  HI 

Siphons  ti»  Usiin;,  195, 516,10 
Wins  flask,  avttrj'm  cspenaaal  wiO,  4M- 

465 
Wkufitd**  ynU,  mmOa  at,  tt 
Whmowinc  macNne,  V 
Wire,  ancient,  9,  S7,  191. 191;  IB.  Ml  ll 

dnNrins,433 
Wirta^  spiral  pomp,  StS 
Woden^  well,  a» 
Woisard's  air  machine,  473 
Women,  early  npetoMMCfa  aa  Hn^  M 
Wooden  hama,  70 
Worcester,  Marquia  of,  his  etatmy  sf  «• 

tions,  64,  140.  989,  418— HO,  SMl.  b 

ateam-baBt,438.    Sieanwwgiaa,  4|L  tk 

character  and  death,  439 
World,  the,  an  hydraulic  machias,  W 
Wyidwn  de  Wonle,  qaoled,  314 


Xenes,  his  chair,  4. 
gencnltSSS 


Toke,  83,  117.    Descrqiliaa  «f  an  twplm 

one,  84 
Tucataa,aacicat  vella  ■,  164,  M 


Zem  Zem,  the  holy  well  of  Mecca,  B,  tt 

44,45 
Zeoo,  his  quarrel  with  Anthraiiai.  W 
;£odiae,  stgas  of  % 


ADDENDA. 


AtmomKerk  Pm^,  p.  212-14.  Supposed  to  be  of  remote  Eastern  origin.  Krideno* 
that  it  18  no  gtnmger  to  mining  engineers  in  one  of  tlie  least  known  pai  ts  of  Asia, 
we  found  several  years  ago  in  an  old  Japanese  pamphlet  on  mining  and  smelting 
copper.  It  iiad  long  been  in  the  posseiisioii  of  liev.  S.  Wells  Williams,  of  Canton, 
before  he  gave  a  tr^inslation  of  it  in  the  Cliinae  RtfOKHary,  vol.  ix.  (1840).  It  was 
subsequently  brought  to  this  country  and  now  lies  before  us.  Its  title  is  Ko  Dou 
Diu  Hoku,  a  small  folio  of  41  pages,  of  which  14  are  plates,  priiUtd  in  colon,  repre- 
senting workmen  engaged  in  the  various  operations,  from  extracting  the  ore  to  its 
reduction  in  the  furnace  and  casting  the  metal  into  ingots.  The  bellows  is  the 
double-acting  wooden  one  figured  on  page  248  of  this  volume.  Thirteen  more 
plates  are  occupied  with  t<iols,  &c.,  in  extreme  detail.  The  third  plate  exhibits  a 
section  of  part  of  a  rude  shaft  excavated  in  the  rock,  through  which  the  water  of 
the  mine  is  raised,  in  succensive  lifts  of  almut  15  feet  each.  Shallow  wooden 
cisterns  ore  placed  at  that  distance  alvjve  one  another  on  ledges  of  rock  left  for 
them.  Pumps,  formed  of  planks  like  the  bellows,  raise  the  water  from  cistern  to 
cistern  till  it  is  discharged  at  the  surface,  lliey  are  considerably  incljncd  from  the 
perpendicular.  Each  is  worked  by  one  man,  who  applies  his  hajids  directly  to  the 
pump-rod  (also  wood)  which  terminates  in  a  short  cross  piece,  like  a  common 
spude-hundle.  Ncur  each  man  is  a  small  shell  lamp — indicative  of  darkness  from 
depth. 

Of  these  pumps  the  text  may  well  say,  ''  several  tens  of  hundreds  of  strokes  are 

given there  is  a  great  consumption  of  the  strength  of  the  workmen they 

are  worked  uninterruptedly  day  and  night."  The  pamphlet  was  shown  to  the 
chiefs  of  the  late  Jai^nese  Elmbas'iy.  I'hey  instantly  recognized  it  as  one  of  a 
numerous  doss  of  hand-books  "  for  workmen."  They  were  asked  if  Uatting  vat 
practised  in  mines.  They  said  no.  The  book  represents  the  ores  extracted  by  the 
hammer  and  chisel.  The  third  plate  is  probably  a  £ur  repretientatiou  of  the 
pnu.'tice  of  raising  water  from  Greek  and  Roman  mines.  There  is  nothing  in  the 
pumie  or  manner  of  working  them  from  which  to  infer  a  European  derivation. 

Cumprasive  Tubular  FumjM.  Keferencc  to  this  variety  of  devices  wis  omitted  in  the 
preco<^iing  |iages.  Although  of  little  practical  value,  a  notice  of  them  might  have 
Kaved  gome  time  and  money  since  thrown  away  upon  them.  They  do  not  appear  to 
have  occurrud  to  American  inventors  till  18dl.  In  the  fall  of  tliat  ycir,  four 
ai)pHc4itions  for  patents  were  tiled  and  njected  for  lack  of  novelty.  The  applicants 
were  referred,  among  other  sources  of  information,  to  Baehr's  pump  of  1819, 
figure<]  and  itescril>cd  in  the  Transactions  of  the  Society  for  the  Encouragement  of 
Indu»try,  of  Prussia,  B.;rlin,  1822,  p.  195,  plate  ix. 

The  principle  may  Iw  undcrKt<Hxl  without  a  diagram.  It  is  essentially  the  some 
as  that  by  which  a  dairj'-maid  milks  a  cow  or  a  goat.  The  teat  is  an  elastic  tube 
opening  into  the  uddtr,  and  she  expels  the  contents  by  drawing  down  her  com- 
pressed hand  over  it,  a  fresh  supjily  following  the  movement.  In  the  urtitjciol 
device,  one  end  of  a  hose-pipe  opens  into  the  water  to  be  raised,  and  the  other  is 
continued  up  to  the  place  of  discharge ;  a  portion  l>eing  curved  into  a  circular  bed  or 
co.'ie,  against  which  the  ends  of  revolving  annv,  moved  by  a  cnmk,  are  made  to 
pre^s  as  thi-y  sweep  over  it.  Each  thus  drives  the  liquid  in  front  of  it  up  the 
ascending  pipr,  and  a  fresh  supply  keciM  flowing  in  behind.  To  prevent  the  wear 
of  the  pi|)e  l>y  the  ends  rubbing  over  it,  they  terminate  in  rollers. 

When  the  device  is  intended  to  perform  the  part  of  both  a  sucking  and  forcing 
pump,  the  hose  should  l>e  of  sufficient  elasticity  to  resist  the  pressure  of  the  atmos- 
phere when  empty  of  air  or  water.  A  pump  of  this  kind  is  figured  and  de«cril)ed  in 
ilie  Patent  Olfice  Keport  for  18.35.  Of  the  first  four  models  of  elastic-tulx:  pumps 
receiveil  at  the  Patent  Office,  three  were  filed  in  the  game  month,  and  the  fourth 
within  two  months  of  them.  Two  were  from  the  same  city,  and  three  trom  the 
game  State.  Points  of  difference  were  trilling :  in  two,  the  coil  to  receive  the 
pressure  formed  a  iiortion  of  a  circle,  and  in  two  a  whole  one.  In  all,  the  com- 
pre.-«ing  arms  ended  in  rollers  and  varied  in  number  from  one  to  four.    The  aimul- 
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tiuicouB  announcement  at  ilifferent  placrc  of  the  simc  device  is  not  a  new  Uiin;  In 
the  hislury  of  tlie  art«.  It  has  ucciirril  iu  dintunt  ciutntriua.  bn  wvII  ok  in  Tiri^hbor- 
iiig  imrtH  of  the  name  ctmiitiy.  Hiul  'nith  in  the  cittn  men  not  dinl  out,  one  mlKbt 
have  «u|i|Hi»cil  »nne  froll(.»imc  I'oik  amused  liimwif  by  whisjx'ring  the  gune 
tliou)i;hl  into  the  huiuU  of  halt  a  duzo  i  {lateutecH,  ami  then  settiug  ibem  by  the  am 
in  wninxlings  for  priority. 

Qirvni  I'umpf.  p  i'js.  These  arc  examples  of  lon^-forRotten  inventions  rerircl 
OS  new  tiMi-s.  They  were  di'ii<.TilK.il  liy  liamiOli,  uiid  variously  and  incenioiiMy  in<M]ific<l 
by  Win  over  270  yeans  n^j.  llin  book  m  a  treiusur)'  of  line  invcntioDfl,  upon  wliirh 
luaehuiixtM  have  drawn  largely.  Not  u  few  of  what  arc  tJiuuirlit  miMlem  <leviep»  are 
found  in  it.  In  the  volumes  of  Bewm.  Uran(^a,  Zonca,  IVK-kler,  Deatiut,  ninl  other 
old  writer*  on  nmchiuery,  there  ig  not  one  comparable  to  it.  A  folio  of  !W8  {m);<«, 
beautifully  prinkMl  iu  i''rench  and  Italian,  it  ojntaiuK  U)6  copper  plates,  the  dittai'* 
atlmJnibly  duHigniNl  and  the  details  fully  cxpresAcil.  It  Ih  pn>fu.so  on  piiiniM  and 
on  meoliHiiiNm!)  for  wi>rlvinj5  them.  (The  air-veasel  in  not  mentioned,  nor  i»  there 
an  exauijile  of  a  pintou-riHl  working  throusth  a  8tulllni;-lx>x  )  It  is  tmp>JMilile  to 
lix)k  over  thin  work  of  a  practical  en«ineiT  of  the  IGtii  century  without  admirin? 
the  amount  and  variety  of  meebanictl  resaunn  it  dlsplayi« ;  nor  without  anrmUia:; 
whence  Worcester  derived  not  h  few  of  the  eui^mnK  iii  liin  Outury  of  lureutkxM— 
inKenioU8  devices  here  fully  describctl,  but  turned  by  him  intti  riildles.  I(aiB>t'Ji 
luM  no  secret*.     Tlie  title  of  bis  Iwnk  runs  thus  : 

"  Le  diverse  et  artiliciosc  Machine  del  Ciipitiino  A<f<uitino  Rnmelti  Ml  Pobte  dfiUj 
Trexia,  In^egnicro  rhd  Cbristianiiwimo  lie  di  H'rancia  et  I'olonia. 

"  Nclle>|uiili  fii  contengono  uarij  ct  indiuttriosi  monimcnti.*  deii^i  di  rnindiwiB  i 
speculatione,  per  cauarne  beneficio  inlinito  in  ogni  aorte  d'oiwrntioue  :  Cumpoite  In 
Lingua  Iialiana  et  Kranccxe. 

"  A  I'liriri  in  coso  del'autorc,  c<J  privllcgio  del  Re,  1688." 
Tlie  only  copy  I  have  accn.  I  founil  in  the  public  librory  of  lUo  Janeiro,  in  1M6. 

Jiolnr;/  I'limp,  p.  L'Mjj.  Kit'ured  ond  coniuicuded  in  "  A  collation  of  jmililenis  ex- 
tracted i.utof  ancient  and  modern  phibiwtpheni,  not  vulgarly  manifn>t  till  now — 
written  first  in  tireek  and  Uttiu,  lately  compiled  in  French  by  Ueurv  Van  Ellen, 
and  now  in  English,  &c."     I^mdi^n  :  I'rintetl  for  William  Leokc,  107 -J. 

Rnlarti  himjM.  pp.  U88,  2*.K1.  In  Ramclli,  It  would  not  bo  easy  to  point  ot»8 
'eatling  f<«lure  in  modern  rotary  and  reciprooating-rr^tary  ptimp.s  not  antli-i|t«tM|. 

Slaim  Sfiijit,  p.   40.'}-').     Is  there  any  avnuectiuu  between  the  dt\  i  '   <:  iray 

and  that  of  the  elder  Scaliger,   his  contenip<irary,   who  iu  his  "  K  -s 

conlidtiitly  avera  that  he  could,  without  iliflicuity,  make  a  ship  k: ....--li' — 

"Nuviciilum  sponte  sua  mobilem  ac  cui  remiijii  authorem  fatnam  nuUo  neg<>tio," 
The  sou  "f  a  military  man,  he  followed  arms  himself  till  he  was  forty.  He  di<d  In 
1688,  tijft«'eu  yean  after  Oaray's  experiment. 

The  CAt/>aio  B^oikb. 

I  have  been  urge*!  to  notice  this  Engine,  as  an  invention  intn>duced  since  the 
first  pullii-alion  of  this  volume,  and  llio  rather  l)i<Tiu.'<e  the  principle  on  which 
its  cluiniK  wer>'  biuxHl  as  nu  I'C^iuomical  motor  is  indorsed  in  a  j<i»tly  fnipiilar  atiil 
Influential  work  now  itwidng  fnuu  the  prew  in  this  country  and  in  Kumpe.  The 
most  siuKular  thing  al">ut  it  is  this:  As  the  amount  of  force  to  )>c  ilorived  from 
heated  iiir  is,  under  all  circumstances,  exceeijingly  Iiu)iU>d,  liy  an  illiudon,  banlly 
equallerl  in  the  hi.ttory  of  the  arte,  a  device  wus  ailopu-d  to  incn;a*e  it,  the  mntt 
OeTtain  lo  diminish  it ;  and  this  crippling  licvicc  was  proclaimed,  and  widely 
accepted,  as  the  crowning  glory  of  the  invention.  It  appears  to  be  still  ao  con- 
sidered, both  in  i''mnix!  and  Knglaml,  by  some  writers. 

It  need  not  l>e  stated,  except  to  thuse  unm'ipiiunte<l  with  it,  that  the  (Caloric 
Engine  neither  presi  iited  a  new  principle  nor  a  new  applicattion  of  one.  It  wni 
ushered  into  notice  umler  n  new  uiuuc,  and  to  an  old  luljunct  was  given  the  alluring 
and  deo'ptive  designation  of  "a  regenerator."  It  w«.s  tlJs  that  gave  the  . nirioc  iis 
notoriety.     And  yet,  so  for  from  ]M«sessing  the  miraculous  properlien  i  it, 

it  was  a  positive  nuisance.     Insteiul  of  reprmiuring  without  ctMl,  it  ^^  .  .  itle 

of  tlie  UKMterate  amount  of  force  develo|ie<l,  and  saved  none,  i  tn  re  'v/io  no 
medium  ipiallty  in  it.  It  wiis  either  nliat  we  have  colled  it,  or  it  po)iw?««t.^l  all  the 
virtues  iiM-rilK-d  to  it. 

%Vhat  was  churned  to  be  done  by  it  waa  thus  announced  :  "  Tlic  liosb  of  the 
Caloric  Engine  is  that  of  returning  the  he:it  at  each  stroke  of  the  piston  and  mt  f 
it  ovtr  awl  over  ai^iin  ;  an<l  this  it  doe*  so  perfectly  that  the  heat  emiiloye<l  in  (it>( 
artting  I  he  engine  in  motion  c-ontinui-s  t^>  sustain  it  in  full  working  loiii-  with  r>t 
other  renewal  or  adilition  than  may  l>e  re(juire<l  to  supply  the  inconaidernbte  1  — 
by  r.uli;iiiun." 
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The  procen  wna  virtunlly  thnt  of  using  wiisl«  nteam  tr>  licnt  fred-wntcr  of  Ktcam- 
|,  II,..  1...  .1...  .Kr.  .n,.nt  i>ffcct«  of  tlie  heat  oa  tlie  (U'riiil  fliiM  biiiI  tlic  Iic|i)i<l  wcr« 
y  Had  lite  ihttn'y  </  tht  mr  in  /fuutfiy  t/ir"ii(//t  the  rrtjf^tnit/rr  }>rrn  no 

I         _  ffv,  tliiTe  tnijilit  hove  bcfii  wiiuflliinfr  like  till- rit.iilt»  cliiimeil. 

Bui  Uiu  revc-iM:  who  tin-  fiu.l.  'I'lic  tluid  »»clleil  un<l  kept  Hwelliiip  with  tin;  lirait 
taken  up.  hciuf  the  <|iiiii)tily  injettetl  at  rau.'h  strokf  of  the  fewl-piimp  «iis  pro- 
portioDidly  dimiiiiiihcil,  ami  h1ki.>  it*  exiKUi^ion  wilhin  the  working  oj-lincler,  whera 
expHUsioii  wna  everything — &  doulde  loi».  lis  (•oiistniotor,  in  the  /VimWtn 
Jounuit.  of  NovemlH:r,  WA,  8<iy»— •'  in  every  in»tanee  the  air  entering  the  working 
cvlioiler  hiui  l>een  elcvHtol  [l>y  the  n-KeneniUir]  to  400'^,  and  often  na  high  lU 
61*0''."  Hon  much,  thua,  <liil  it  eiptuitl  afti-r  entering  ?  and  how  much  lens  uf  it  woii 
there  to  expand  T 

To  tee<l  an  air-coginc  with  heated  air  is  like  feedinn  a  atoam-cn^ine  with  Rtcom 
iiutcwJ  of  wfttei  All  the  |iower  the  Kteiim  couirt  [xiiwilily  have  would  nrinc  from 
the  luiditionai  bent  it  pot  tritlim  the  iKiiier.  So  with  the  I'aloric  Engine,  whoso 
boiler  equivalent  w»«  the  heateJ  Ixittoni  of  the  working  cylinder — the  hotter  the 
air  wnt  in  the  leas  work  it  could  do  when  in,  the  Ion  it  could  e.Tp(md.  And  if  the 
wiiole  of  the  expired  tluid,  or  hoiU,  were  rctunieit,  it  could  do  none.  It  could  then 
give  out  no  more  force  than  was  ex|)ende<i  on  its  inje<rtion.  llie  ntheme  might  bs 
Itkeoed  to  one  for  eix>nomixing  nniui'il  |iower  by  returning  to  the  Ktoinoch  fond  not 
completely  digested,  or  air  from  the  lungs  not  deprived  of  hent.  The  result  wa* 
with  the  itrtiticiul  oh  it  would  b<!  with  a  iiaturid  organium  ;  the  more  expired  hent 
retunietJ  the  weaker  it  Injoune,  and  when  SttJ  per  c«nt.  wim  Bent  bat'k  (claimed  to 
luive  l>eeu  done),  it  must  need«  have  lieen  near  ila  laitt  giixp.  After  a  lung  ivntcBt 
iritb  nature  to  induce  her  to  vieM  the  |K>int,  it  was  |>enxive<l,  but  not  acknowl- 
edged, thiit  inanimate  no  more  than  anim.ited  machiuef>  can  inhale  tl^  same  heat 
"over  luiil  over  again"  without  losing  strength — that  fresh  air  ami  fnnh  heat  Is  the 
Ikw  for  Ixith.  Jf  wiuilc  force  in  heal  could  bo  recovcreil  and  used  over,  why  not  in 
other  fonus  of  fori"*  ? 

'l"hc  ejirlicr  air-cnginea  were  the  heat,  and  for  the  very  reason  they  were  deemcii 
the  worst.  In  that  of  Sir  George  Cayley,  and  others,  "the  air  had  it«  temperature 
miiied  to  .'iOO-  or  tiOO^  by  pawing  it  through  a  heated  chamlwr  :  and  after  having 
omx  lutiHl  on  the  piHton  it  was  .-illowe<l  to  et<cape  into  the  atmoitpherc,  carrying 
along  with  it  a  hirge  p'jrtion  of  the  hiut,  wIikIi  uvu  (Aim  laitleJ."  A*  well  might  a 
uatiirnliKt  c>mphiiu  of  nature  committin;^  the  like  waste  in  the  hot  breatji  of 
hard-working  aiiimal.H  and  men,  for  heat  la  the  source  of  living  as  of  inanimate 
forciw.  To  gain  (Hjwer  by  sending  back  lieot  to  work  over  and  over  is  to  cause  force 
to  re|K-at  itself.  There  are  several  things  cfimnion  to  imtural  and  artilicial  motors, 
but  that  is  not  among  them.  Jf  man  Lvuld  impart  it  to  insensible  inrchanLsm.  it 
woulil  be  strange  if  the  Creator  bad  not  oi.iDferrcd  it  on  living  organisms.  Were 
it  |>o>ii>ible,  it  would  save  as  much  food  in  one  oliM  as  fuel  in  the  other.  At 
resjwcts  force,  all  foo<i  is  fuel. 

iJcfore  esciiped  heat  is  ileeimnl  wustcil,  it  should  he  shown  to  have  done  no  work 
in  the  cylinder  ;  an  impossibility,  sinct-  every  particle  neeisisnrily  mntribntoU 
oiually  with  every  other  to  the  effect  on  tiM  piston.  But  odinilting  it  did  none, 
docs  it  follow  that  the  penalty  of  waste-can  be  evaded  f  Ataunilly  not,  for  with 
njilure  there  is  no  forgiveness.  Vet,  by  the  princ^iple  claimed,  then'  is  more  to  be 
lutfie  out  of  the  wnsie  than  if  there  hml  been  none.  Kcturn  6<l  per  o;nt.  four 
times,  and  the  originil  amount  would  be  virtually  doubled — the  force  octimlly 
donbUni.  'Hie  fact  is,  if  one  j>er  cent.,  or  the  fraction  of  one  per  cent.,  «iti  lie 
pi-olitttbly  used  over  and  over  the  principle  would  K'  established,  and  the  whole 
mi,^ht  be. 

U'tiste- water  of  on  overshot  wheel  will  rejieat  its  work  ns  oft<>n  as  it  is  returned 
to  its  tirst  position,  but  it  cost«  more  to  send  it  l>ark  tluin  it  is  worth  when  got 
back.  Kx<unin>.'  the  action  of  the  regenerator  ami  it  will  Ih<  fouml  another  (iIulsu 
of  the  old  scheme  for  saving  tail-wuU'r  by  seniling  it  liac'k  to  the  dum  ;  a  grosser 
error,  for  water  will  give  out  oil  th(!  power  it  gave  out  at  first,  while  air  yields  as 
much  lo«  lis  its  sulisu()uent  expansions  within  the  cylinder  are  less  than  the  hrst. 
Besid>i«,  U.S  much  force  is  required  to  Inject  a  small  charge  of  it  as  a  full  oue — that 
is,  of  heated  us  of  unheiitiil  air. 

The  true  character  of  the  regenerator  wnji  shown  in  the  Journal  of  tin  Franklin 
InXtbile  for  Septemlier,  Octolwr,  and  November,  1864.  In  18.jr,  flic  Caloric  Kngim 
was  extensively  ailvertised  as  having  "just  been  perjtdfl."  H^iw?  Why,  by 
drop.'iug  the  regenerator  and  pumping  in  (old  air,  as  suggestcil  in  the  Journal.  It 
WOK  thus  the  small,  or  )x.>rtable,  chiss  of  engines  arose.  H'l/A  the  regcnerivtor,  tlicv 
had  died  the  day  they  were  bom.  If  it  poasesaed  any  virtue,  they  oertninly  atixil 
must  ill  need  of  it. 
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Explosive  forr(«,  natunvl  and  artUliiiU,  are  aualogucs  of  g(«ini  odi]  air  moton 
riicre  ciMiUi  be  no  vulciuioe«  if  tlii>  motive  gaecs  diil  not  follow  up  the  fjectwl 
matter,  and  tftt/it  wiih  il.  liowever  high  tiie  inutcrial  miicht  Ih.-  pushed  ap,  on  the 
eximuitlou  of  the  force,  ft  wouM  fall  bnck  like  u  piiitou  into  a  vacuum  beneitb  it 
TIk  tliimr  iisuin^  from  cannon,  i«  it,  too,  all  niuitcxl !  Extinguish  it  within  them 
and  how  far  would  the  hnlls  be  projcct>xi.  Tl»e  liyiiothesis  that  the  escape  iieat  of 
air  and  Klenm  eUKineit  misht  and  ought  to  \x:  Uisoil  up  within  them  hait  it*  sup- 
]Kirters.  We  believe  it  U  not  cuiit«inu<l  by  a  singit!  fact.  But,  jxusKing  tiiat,  it  it 
strange  so  wide  a  difference  between  theory  and  practice  is  not  wttled.  It  i»  nid 
96  per  cent.  i«  lot>t  in  one  claw  of  Hteum-engines.  and  a  itill  lai^er  amount  in 
another  I  Were  tliig  true,  the  man  baa  not  lived  tdat  can  be  oompiired  to  him  who 
teaches  ub  how  to  add  that  amount,  or  anything  near  it,  to  the  i^urrent  powers  of 
our  motive  engines.  But  aa  long  08  euch  viaionii  are  fottcred,  there  will  not  cease 
to  be  victims. 

There  i»  a  perfect  analogy  in  the  action  of  an  air-engine  and  a  fhermomiter. 
The  mercury  ewelU  upward  us  its  temperature  rmes  and  puKhcs  up  n  pmall  tioat,  or 
pii>t<in,  on  its  surface.  When  the  maximum  height  is  attAined.  the  force  and  the 
rcKistunce  are  tmliuiced.  The  heat  cau  do  no  more.  With  the  fall  of  the  tempera- 
ture the  float  Hutlles  down,  and  is  ogaiu  raised,  but  not  by  the  t<ime  best,  fur  not 
till  tluit  cscapix  through  the  Hiiles  of  the  tul>e  Ciin  the  float  or  fluid  fiill.  So  it  U 
with  the  engine.  'I1ie  air  exerts  il«  greatest  force  against  the  pi-tton.  and  having 
done  that,  any  smaller  amount  is  of  no  avail.  However  long  rvtained  in,  or 
quiclily  diacliargwl  from  the  cylinder,  it  can  neither  Bd<l  to  or  repeat  any  part  of 
tile  rawer,  lltforc  more  worli  is  done,  the  hent  must  be  dixcbarged  alon^  with  the 
motive  fluid  into  the  atuio^phere,  or  be  loft,  as  in  the  thermometer.  In  tinil  its  way 
out  through  the  sides  of  tlie  cylinder.  Whntevi-r  use  may  be  made  of  it  nu(i(|i]e.  It 
can  never  bo  of  any  value  again  within  the  c)iin(!er.  It  is  impuesible  to  rftum  it 
without  expending  more  than  iU  equivalent.  Ucuce,  if  ita  escupe  is  "  waste,'  tho 
same  wiuitc  occur-s  in  the  theiraometcr. 

And  what  of  that  f  |>erhaps  may  be  asked.  Why,  this  :  the  instrument  is  an  ex- 
ponent of  nature's  invariable  j>nu.'ticc.  and  unless  we  can  improve  on  her  plans,  or 
evolve  a  principle  unknown  to  her,  the  question  is  scttlc<l.  If  she,  in  her  elastic 
forces,  reiHtatoiily  ii.ses  the  same  heat,  wo  can  ]>ri:ifltably  do  so.  but  nothing  of  the 
kind  iit  attempted  by  her  Alter  being  on«  useil  it  is  Buffeied  to  "waste,  "  if  the 
term  be  admiiwible.  Without  referring  to  minor  exiunpira,  which  evcrjwhere 
alMiund,  take  the  planet  as  a  whole.  It  is  a  perfect  air-engine.  Its  atmi»)iliere  la 
hcjit<Hl  during  the  day  and  s\ilTerod  to  cool  during  the  night.  tjup|M>«c  this  noo 
turmil  "waste"  savctl  by  some  regenerating  process,  what  would  follow  f  A 
uniform  temperature  would  l<ecome  cstablijUiiyl.  a  stagnant  calm.  With  the 
cessation  of  wind-power  the  whole  economy  of  the  planet  wouM  l>c  deranged,  for 
as  in  the  artiflciul  engine,  the  saving  of  the  heal  would  bo  the  end  of  the  for«>. 

Those  who  may  Ik-  tempt*xl  to  make  further  experiments  would  also  ilo  well  <o 
bear  in  mind  that  a  pint  of  water  dilates  into  about  1,700  pints  of  steam,  while 
twice  the  temperature  reijuirod  to  boil  watiT  does  not  expand  a  piut  of  air  into  B 
quart.  In  the  Oaloric  Engine  the  volume  was  never  doubled.  And  further,  that, 
owing  to  the  difffreuce  of  density  between  atmi>»i)heric  air  and  water,  tlie  feed- 
pump of  a  Bteiun-engiue  scarcely  consumes  a  thouNmdth  part  of  ils  power,  while 
that  of  an  air-engine  requires  not  less  thaniXiper  cent.— its  capacity  being  two- thirds 
that  of  the  working  cylitider.  Thus  on  air  engino  transmits  only  one-lhirri  of  its 
power  to  the  work  to  be  done,  while  a  steam-engine  gives  out  the  whole  —the  amount 
consumcfi  by  the  pump  being  so  trifling  as  to  be  passed  over  in  estimating  the  power. 
It  is  to  be  R'gretted  th.it  luiy  work  of  authority  should  indorse  afixvih  the  (urdlnal 
fallacy  that  air  heated  outside  of  the  working  cylinder,  or  cli«nbir  of  e.ipinsion, 
is  atteudeii  with  a.  tvriesponding  saving  of  fuel.  (See  "  Chaml>ers'  Encycloiowlia," 
Art.  I'aloric  Knginn.)  When  on  elastic  fluid  is  discovered  that  can  be  returned  tm- 
dilated  by  heat  taken  up  in  its  [nissage  to  the  ex[ninding  chamlwr.  the  iloef  rinc  will 
bu  true,  and  not  till  then.  We  suppose  there  is  some  mistake  in  the  st4>t<aneat 
that  a  Sterling  Engine  "  did  all  the  work  of  the  Dundee  Foundry  Company 
regidarly,  with  a  saving  of  about  75  per  cent,  of  the  fuel  used  by  the  Kteam 
engine,"  if  it  is  to  l)e  undersloiHl  that  the  latter  wil-s  in  a  fair  working  coinlition. 
and  the  force  and  fuel  as  economically  exf>cndi>d  as  in  the  form'T.  Hut  8up(K>»ing 
there  is  no  mistake,  anil  that  the  saving  would  not  have  iieen  further  inrn.««ed  l>» 
d'lw-iirdiug  the  regenerating  apparatus,  such  a  motor  could  not  at  this  day  iSi 
alwudoued  for  anything  like  the  reasons  assigned  for  laying  it  osiilc.  It  would 
truly  be,  what  the  Caloric  Engine  was  onoe  claimed  to  be,  a  greater  gift  to  tb« 
woild  than  the  steam-engiac  itself. 
Ni'w  VcBK,  Jtarch  11,  1S6? 


